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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

SPACE FLIGHT, CONTROL AND DATA COMMUUICATIONS 

SHUTTLE PRODUCTION AND OPERATIONAL CAPABILITY/SPACE TRANSPORTATION OPERATIONS 

o Cont inue  w i th  t h e  o p e r a t i o n a l  es tab l i shmen t  o f  a v e r s a t i l e  and c o s t - e f f e c t i v e  space t r a n s p o r t a t i o n  
system t o  p r o v i d e  f o r :  

- Opera t i ng  a n a t i o n a l  f l e e t  o f  f o u r  Space S h u t t l e  o r b i t e r s  
- Complet ing t h e  development o f  an o p e r a t i o n a l l y  c o s t  e f f e c t i v e  main engine wi th adequate s a f e t y  

- Ground suppo r t  equipment, l aunch  s i t e  equipment and manpower t o  suppo r t  l aunch  and l a n d i n g  

- E x t e r n a l  tanks  and s o l i d  r o c k e t  b o o s t e r s  and the manu fac tu r i ng  t o o l i n g / e q u i p m m t  s u p p o r t i n g  

- E s t a b l i s h i n g  l o g i s t i c s  suppo r t  c a p a b i l i t y  t o  p r o v i s i o n  spares, r e p a i r  and ove rhau l  f l i g h t  

- P r o v i s i o n  o f  c a p a b i l i t y  fo r  t r a i n i n g  as t ronau ts ,  launch  and f l i g h t  o p e r a t i o n  pe rsonne l  

marg ins  

o p e r a t i o n s  

t h e i r  p r o d u c t i o n  

ha rd  ware 

o Seventeen o p e r a t i o n a l  f l i g h t  m i s s i o n s  i n  FY 1987 b u i l d i n g  t o  a f l i g h t  r a t e  o f  24 pe r  year by  FY 
1989 

o Cont inued improvement o f  S h u t t l e  per formance c a p a b i l i t y  

o Suppor t  t o  f i r s t  Vandenberg A i r  Force  Base f l i g h t  

o Imp lemen ta t i on  o f  improvements t o  make space t r a n s p o r t a t i o n  more economical  and c o s t  e f f e c t i v e  t o  

MAJOR FLIGHT A C T I V I T Y  

a l l  u s e r s  

Space S h u t t l e :  O p e r a t i o n a l  f l i g h t s  . . . . . . . . . . . . . . . . . . . . . . .  14......17......18......24......24.......24 

FY 1986 FY 1987 
1_1_ 

FY 1985 BUDGET ----___ PLAN ( m i l l i o n s  o f  d o l l a r s )  ----- 

S h u t t l e  P r o d u c t i o n  and O p e r a t i o n a l  C a p a b i l i t y  1,484.5 971.5 745.4 
Space T r a n s p o r t a t i o n  Opera t ions  1,314.0 1,725.0 lJ 524.7 

__-- 2,798.5 2,694.6 2,271r. 1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

RESEARCH AND DEVELOPMENT 

SPACE RESEARCH AND -- TECHNOLOGY 
--_I-- 

o P r o v i d e  a t echno logy  base  e s s e n t i a l  t o  f u t u r e  Uni ted  S t a t e s  l e a d e r s h i p  i n  s p a c e  by: 

- Improving per formance  and e f f e c t i v e n e s s  
- Reducing c o s t  and r i s k  
- I n c r e a s i n g  r s l i a b i l i t y  
- Devzloping t e c h n o l o g i c a l  o p t i o n s  

o Achiave t h e s e  o b j e c t i v e s ,  by means o f  ground and space- based r e s e a r c h  and t echno logy  a c t i v i t i e s ,  
t h rough  advances  i n  t h e  t echno logy  areas o f :  

- AErothernod ynamies 
- M a t e r i a l s  and s t r u c t u r e s  
- Space  ene rgy  c o n v e r s i o n  
- P r o p u l s i o n  
- Space  d a t a  and communicat ions 
- I n f o r m a t i o n  s c i e n c e s  
- C o n t r o l s  and gu idance  
- Human f a c t o r s  
- F l i g h t  sys t ems  
- Systems a n a l y s i s  
- A ~ t o i n a t i o n  and r o b o t i c s  

IV1AJ'LIH FLIGHT A C T I V I T Y  - - ~ -  

-- 

Space technology S h u t t l s / S p a F z l a b  pay loads . .  . . . . . .A 
Long d u r a t i o n  exposu re  f a c i l i t y  (Launch /Re t r i eva l ) - '  .-A - 

FY 1987 --- FY 1986 
-_I 

FY 1985 ------- SUDGET PLAN ( m i l l i o n s  o f  d o l l a r s )  
--I-- 

Space  Research  and Technology 150 .O 168.0  180.2 --- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

RESEARCH AND DEVELOPMENT 

TRANSATMISPHERIC RESEARCH AND TECHNOLOGY 

o Develop t h e  c r i t i c a l  t e c h n o l o g i e s  da ta  base t o  enable t h e  U n i t e d  S t a t e s  t o  make a f u t u r e  d e c i s i o n  
on t h e  f l i g h t  r esea rch  phase o f  a t r ansa tmosphe r i c  v e h i c l e  by conduc t i ng  resea rch  and techno logy  
development i n  : 

- E f f i c i e n t ,  h i g h  th rus t ,  a i r b r e a t h i n g  p r o p u l s i o n  systems 
- Reusable and d u r a b l e  t he rma l  s t r u c t u r e s  m i n i m u m  weight ,  h i g h  performance, p r o p u l s i o n / a i r f r a r n e  

i n t e g r a t i o n  

'BUDGET PLAN ( m i l l i o n s  of  d o l l a r s )  
FY iva5 FY 1986 FY 1387 

Transatmospher ic  Research and 
Technology 

AS V 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

RESEARCH AND DEVELOPMENT 

AERONAUTICAL RESEARCH AND TECHNOLOGY 
-~ I -  

o Conduct t he  fundamental  r e s e a r c h  and techno logy  i n  the  a e r o n a u t i c a l  d i s c i p l i n e s  and 
systeins r e s e a r c h  a p p l i c a b l e  t o  g e n e r a l  c l a s s e s  o f  advanced c i v i l  and m i l i t a r y  a i r c r a f t  t o :  
- Improve performance 
- Reduce c o s t s  
- I n c r e a s e  s a f e t y  
- Reduce energy requ i rements  
- Decrease env i ronmenta l  e f f e c t s  

- F l u i d  and the rma l  p h y s i c s  - P r o p u l s i o n  and power 
- A p p l i e d  aerodynamics - F l i g h t  systems 
- M a t e r i a l s  and s t r u c t u r e s  - Systems a n a l y s i s  
- C m t r o l s  and guidance 
- Human f a c t o r s  
- I n f o r m a t i o n  sc iences  

- Numer ica l  aerodynamic s i m u l a t i o n  for  complex aerospace c o m p u t a t i o n a l  problems 
- Technology f o r  n e x t  g e n e r a t i o n  r o t o r c r a f t  i n c l u d i n g  X-Wing and advanced t i l t - r o t o r  technology 
- Turb ine  engine h o t  s e c t i o n  techno logy  f o r  h i g h e r  performance and l o n g e r  l a s t i n g  eng ines 
- Hiyh- performance f l i g h t  r e s e a r c h  
- 4dvanced r o t o r c r a f t  technology and f l i g h t  r e s e a r c h  
- Senera1 av ia t ion/commuter  eng ine techno logy  f o r  b e t t e r  performance and e f f i c i e n c i e s  
- Advanced tu rboprop  systems for  f a s t e r ,  more f u e l - e f f i c i e n t  t r a n s p o r t  and commuter a i r c r a f t  
- Ceramics f o r  t u r b i n e  eng ines f o r  h i g h  o p e r a t i n g  temperatures 
- Ob l ique  wing technology f o r  aerodynamic e f f i c i e n c y  over t r a n s o n i c  speeds 

o geve lop  and s u s t a i n  a s t r o n g  r e s e a r c h  and technology base i n :  

o Conduct focused systems techno logy  t o  e v a l u a t e  t he  t e c h n i c a l  f e a s i b i l i t y  o f  advances o r  concepts :  

o M a i n t a i n  e x p e r t i s e  and operate  s i g n i f i c a n t  n a t i o n a l  f a c i l i t i e s  t o  s u p p o r t  r e s e a r c h  and technology:  
- Research and t e s t  f a c i l i t i e s  
- S i m u l a t i o n  f a c i l i t i e s  
- Wind t u n n e l s  

B'J9GET PLAN ( m i l l i o n s  o f  d o l l a r s )  
----I_- 

FY 1985 

342.4 --- A e r o n a u t i c a l  Research and Technology 

FY 1986 

354.0 

FY 1907 

376.0 -- -- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1387 ESTIMATES 

GENERAL STATEMENT 
I----- 

The N a t i o n a l  A e r o n a u t i c s  and Space  A d m i n i s t r a t i o n  conduc t s  s p a c e  and a e r o n a u t i c a l  a c t i v i t i e s  f o r  
p e a c e f u l  p u r p o s e s  and t h e  b e n e f i t  o f  a l l  peop le .  NASA's a c t i v i t i e s  a r e  des igned  t o  enhance Uni ted  
S t a t e s  l e a d e r s h i p  i n  a e r o n a u t i c s  and i n  s p a c e  r e s e a r c h ,  e x p l o r a t i o n  and u t i l i z a t i o n .  More 
s p e c i f i c a l l y ,  t h e  o b j e c t i v e s  of  NASA's a c t i v i t i e s  a r e  t o :  

-- Make t h e  Space T r a n s p o r t a t i o n  System f u l l y  o p e r a t i o n a l  and c o s t  e f f e c t i v e ;  

-- Yove forward  toward t h e  e s t a b l i s h m e n t  of  a permanent ly  manned Space S t a t i o n ;  

-- Conduct an e f f e c t i v e  and p r o d u c t i v e  program o f  a e r o n a u t i c a l  r e s e a r c h  and technology which w i l l  
c o n t r i b u t e  m a t e r i a l l y  t o  t h e  e n d u r i n g  preeminence of  t h e  Uni ted  S t a t e s  i n  a v i a t i o n ;  

-- Conduct an e f fec t ive  and p r o d u c t i v e  Space  and E a r t h  S c i e n c e s  program which expands  human 
knowledge o f  t h e  E a r t h ,  its env i ronmen t ,  t h e  s o l a r  system and t h e  u n i v e r s e ;  

-- Conduct e f f e c t i v e  and p r o d u c t i v e  s p a c e  a p p l i c a t i o n s  and t echno logy  programs which c o n t r i b u t e  
m a t e r i a l l y  t o  ou r  n a t i o n ' s  c u r r e n t  and f u t u r e  l e a d e r s h i p  i n  s p a c e ;  and 

-- Enhance o p p o r t u n i t i e s  f o r  U.S. p r i v a t e  s e c t o r  involvement  i n  c i v i l  s p a c e  and s p a c e - r ? l a t e d  
a c t i v i t i e s  

The NASA FY 1387 budget  recommendation o f  $7 ,694 m i l l i o n  p r o v i d e s  f o r  a d e l i b e r a t e l y  paced program 
o f  f l i g h t  p r o j e c t s  and ground- based a c t i v i t i e s  t o  make p r o g r e s s  toward t h e s e  o b j e c t i v e s .  

Space  program e l e m e n t s  i n  FY 1987 i n v o l v e :  

o D e f i n i t i o n  and t echno logy  g f f o r t  and i n i t i a l  development e f f o r t s  on a permanent ly  manned Space 
S t a t i o n ,  t h e  n e x t  major  s t e p  i n  e x p l o r a t i o n  and u t i l i z a t i o n  o f  s p a c e  and a key e l emen t  i n  
c o n t i n u e d  U.S. l e a d e r s h i p  i n  s p a c e .  The a b i l i t y  t o  f u n c t i o n  r o u t i n e l y  i n  s p a c e  onboard t h e  Space 
S t a t i o n  w i l l  p r o v i d e  c o u n t l e s s  o p p o r t u n i t i e s  f o r  expe r imen t ing  i n  t h e  known s c i e n c e s  as well as 
i n  t h o s e  s t i l l  t o  be d i s c o v e r e d .  
f a c i l i t y  f o r  s c i e n t i f i c  and t e c h n i c a l  r e s e a r c h  and f o r  unique  commercial  a p p l i c a t i o n s ,  b roaden ing  

The Space S t a t i o n  w i l l  be a mul t i- purpose ,  i n t e r n a t i o n a l  

AS 1 



t h e  h o r i z o n s  o f  a l l  those who p a r t i c i p a t e .  D e f i n i t i o n  and p r e l i m i n a r y  des ign  c o n t r a c t s  as w e l l  
as advanced techno logy  development w i l l  c o n t i n u e  i n  FY 1986 i n  p r e p a r a t i o n  f o r  i n i t i a t i o n  o f  
deve lopmmt  e f f o r t s  i n  FY 1987. 

o Expanded use o f  t he  Space S h u t t l e  and o t h e r  elements o f  the Space T r a n s p o r t a t i o n  System 
c a p i t a l i z i n g  on i t s  demonstrated c a p a b i l i t i e s  t o  p l a c e  s a t e l l i t e s  i n  o r b i t ,  t o  r e t r i e v e  and 
r e p a i r  s a t e l l i t e s ,  and t o  conduct  exper iments  and make o b s e r v a t i o n s  u s i n g  t he  S h u t t l e  and t he  
Spacelab. The FY 1987 program w i l l  p r o v i d e  f o r  t he  procurement o f  t h e  hardware, m i s s i o n  
i n t e g r a t i o n  and t r a i n i n g ,  ground p rocess ing  and f l i g h t  o p e r a t i o n s  o f  the Space S h u t t l e .  
Seventeen S h u t t l e  f l i g h t s  d u r i n g  1987 w i l l  c a r r y  pay loads  f o r  NASA, Department o f  Defense and 
domest ic  commercial  and i n t e r n a t i o n a l  use rs  o f  space. A d d i t i o n a l  Spacelab f l i g h t s  w i l l  
c a p i t a l i z e  on t h e  success o f  t he  i n i t i a l  m i s s i o n s  as t h i s  un ique  c a p a b i l i t y  i s  e x p l o i t e d  f o r  
space resea rch  and a p p l i c a t i o n s  miss ions .  The f i r s t  uses o f  t h e  p l a n e t a r y  v e r s i o n  o f  t h e  Centaur 
Upper Stage w i l l  occur  i n  1986 f o r  t h e  G a l i l e o  and U l ysses  m i s s i o n s  adding t h i s  h i g h  energy upper  
s tage  t o  the  STS system. The i n i t i a l  l aunch  from t h e  Vandenberg l aunch  s i t e  i n  1986 u s i n g  t h e  
f i r s t  s e t  o f  l i g h t w e i g h t  f i l a m e n t  wound cases fo r  the  S o l i d  Rocket  Boos te r  w i l l  a l s o  g r e a t l y  
expand t i l e  v e r s a t i l i t y  o f  the  STS system. I n  1367, work w i l l  c o n t i n u e  on t h e  t he  Space S h u t t l e  
main engine t o  improve t h e  o p e r a t i n g  margins,  r e l i a b i l i t y  and m a i n t a i n a b i l i t y  o f  t h e  p r e s e n t  
c o n f i g u r a t i o n  and development e f f o r t s  w i l l  be con t i nued  on a reusab le  o r b i t a l  maneuvering v e h i c l e  
t o  ex tend  o p e r a t i o n a l  o n- o r b i t  c a p a b i l i t i e s  beyond t h e  range o f  t h e  o r b i t e r .  

o Space Science and A p p l i c a t i o n s  programs which a r e  d i r e c t e d  toward i n c r e a s i n g  our knowledge and 
unde rs tand ing  o f  l i f e  processes, t he  E a r t h  and i t s  space envi ronment ,  t h e  p l a n e t s ,  t he  Sun, t h e  
s t a r s ,  2nd t he  un i ve rse ,  as w e l l  as conduc t i ng  a c a r e f u l l y  c o o r d i n a t e d  and l o g i c a l l y  phased s e t  
o f  r esea rch  and development a c t i v i t i e s  t h a t  demonstrate and t r a n s f e r  t h e  a p p l i c a t i o n s  o f  space- 
r e l a t e d  techno logy  which can be e f f e c t i v e l y  used f o r  down-to-Earth p r a c t i c a l  b e n e f i t s .  The FY 
1937 program p r o v i d e s  f o r  o p e r a t i o n s  and d a t a  a n a l y s i s  a c t i v i t i e s  i n  suppo r t  o f  G a l i l e o ,  U l ysses  
and t iubble Space Telescope m iss ions  which w i l l  be launched i n  1986 and for  r esea rch  and a n a l y s i s  
a c t i v i t i e s  i n  p h y s i c s  and astronomy, p l a n e t a r y ,  l i f e  sc iences,  and space a p p l i c a t i o n s .  NASA w i l l  
use the  ASTi IO m i s s i o n  te lescopes ,  t o  be c a r r i e d  aboard t h e  S h u t t l e  i n  e a r l y  1986, as a major  
e lement  o f  i t s  p a r t i c i p a t i o n  i n  t h e  i n t e r n a t i o n a l  program f o r  t h e  o b s e r v a t i o n  o f  H a l l e y ' s  
Comet. E f f o r t s  w i l l  a l s o  c o n t i n u e  on approved f l i g h t  programs wh ich  i n c l u d e :  t h e  Gamma Ray 
Observatory,  which w i l l  s t udy  t h e  t o t a l  range o f  gamma r a y  energ ies ,  t h e  most e n e r g e t i c  
e l s c t r o m a g n c t i c  r a d i a t i o n  known; t he  Upper Atmosphere Research S a t e l l i t e  m iss ion ,  which will make 
i n t e g r a t e d  measurements o f  energy i n p u t s ,  t anpe ra tu re ,  chemica l  c o n s t i t u e n t s  and winds; t h e  
Mage l lan  m i s s i o n  ( f o r m e r l y  Venus Radar Mapper) which w i l l  address t h e  fundamenta l  ques t i ons  
r e g a r d i n g  t he  o r i g i n  and e v o l u t i o n  o f  t h e  p l a n e t  Venus by o b t a i n i n g  g l o b a l  r a d a r  imagery o f  t h e  
p l s n e t ;  t h e  Mars Observer m iss ion ,  which w i l l  p r o v i d e  geoscience and c l i m a t o l o g y  mapping o f  Mars 
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and ex tend  and complement t h e  d a t a  a c q u i r e d  by t h e  Mariner  and Vik ing  m i s s i o n s ;  t h e  c o n t i n u e d  
develoment of  t h e  S c a t t e r o m e t e r ,  which w i l l  be  flown on t h e  Navy's  N-Ross m i s s i o n ;  and c o n t i n u e d  
development o f  t h e  Exp lo re r  m i s s i o n s  and t h e  Space lab  and Te the red  S a t e l l i t e  System pay loads .  
Development w i l l  be i n i t i a t e d  on t h e  Ocean Topography Exper iment ,  a j o i n t  c o o p e r a t i v e  e f f o r t  w i th  
t h e  French t o  deve lop  and l aunch  a new oceaning- observing  s a t e l l i t e  and t o  u s e  t h e  d a t a  o b t a i n e d  
t o  deve lop  an improved u n d e r s t a n d i n g  o f  t h e  ocean c i r c u l a t i o n  and i ts i n f l u e n c e  on ou r  g l o b a l  
envi ronment .  These major  development e f f o r t s  are i n t e g r a t e d  wi th  and based on a broad  scale  
program of  r e s e a r c h  and a n a l y s i s  t o  d e f i n e  f u t u r e  p o t e n t i a l  m i s s i o n s  and t o  deve lop  and 
d e m o n s t r a t e  ground-based a p p l i c a t i o n  of  t h e  data  a c q u i r e d  by remote s e n s i n g  t e c h n i q u e s .  

o Space r e s e a r c h  and t echno logy  a c t i v i t i e s  t o  advance t h e  t echno logy  b a s e  which p r o v i d e s  new 
c o n c e p t s ,  materials ,  components ,  d e v i c e s ,  s o f t w a r e  and subsys t ems  f o r  u se  i n  Uni ted  S t a t e s  c i v i l  
and m i l i t a r y  s p a c e  a c t i v i t i e s .  T h i s  r e s e a r c h  emphas izes  t h e  l o n g e r  range  a s p e c t s  o f  g e n e r i c  
r e s e a r c h  and t echno logy  development i n  t r a n s p o r t a t i o n ,  s p a c e c r a f t  and p l a t f o r m  s y s t e m s  which are 
c r u c i a l  t o  f u t u r e  Uni ted  S t a t e s  l e a d e r s h i p  i n  s p a c e .  

The A e r o n a u t i c a l  r e s e a r c h  and t e c h n o l o g y  program c o n t r i b u t e s  m a t e r i a l l y  t o  t h e  endur ing  preeminence 
of  U.S. c i v i l  and m i l i t a r y  a v i a t i o n  by: (1) conduc t ing  d i s c i p l i n a r y  and sys t ems  r e s e a r c h  a t  t h e  
l e a d i n g  edge  of  t echno logy  i n  t h o s e  a r e a s  c r i t i c a l  t o  t h e  c o n t i n u e d  s u p e r i o r i t y  o f  iJ.S. a i r c r a f t ;  ( 2 )  
m a i n t a i n i n g  t h e  r e s e a r c h  c e n t e r s  i n  p o s i t i o n s  o f  e x c e l l e n c e  i n  f a c i l i t i e s  and t e c h n i c a l  s t a f f ;  ( 3 )  
a s s u r i n g  t i m e l y  t r a n s f e r  o f  r e s e a r c h  r e s u l t s  t o  t h e  U.S. a e r o n a u t i c a l  i n d u s t r y ;  ( 4 )  a s s u r i n g  
a p p r o p r i a t e  involvement  o f  u n i v e r s i t i e s  and i n d u s t r y ;  and (5 )  p r o v i d i n g  a e r o n a u t i c a l  development 
s u p p o r t  t o  o t h e r  government a g e n c i e s  and U.S. i n d u s t r y .  Conducted well i n  advance o f  and independen t  
o f  s p e c i f i c  a p p l i c a t i o n s ,  t h e  A e r o n a u t i c a l  r e s e a r c h  and technology program i n c l u d e s  bo th  fundamenta l  
r e s e a r c h  i n  t h e  a e r o n a u t i c a l  d i s c i p l i n e s  and sys t ems  r e s e a r c h  a p p l i c a b l e  t o  g e n e r a l  c l a s s e s  o f  
advanced m i l i t a r y  and c i v i l  a i r c r a f t .  The program i n v o l v e s  p a r t i c i p a t i o n  by a e r o n a u t i c a l  
m a n u f a c t u r e r s  t o  e n s u r e  t h a t  t h e  t echno logy  is c o m p a t i b l e  w i th  p r a c t i c a l  d e s i g n  c o n s i d e r a t i o n s  and can 
be s u c c e s s f u l l y  t r a n s f e r r e d  i n t o  a p p l i c a t i o n  i n  new and b e t t e r  a i r c r a f t ,  sy s t ems  and components. 

T ransa tmosphe r i c  -----I ____ r e s e a r c h  and t echno logy  e f f o r t s  t o  a c c e l e r a t e  t h e  development o f  a c r i t i c a l  
t e c h n o l o g i e s  d a t a  base  t h a t  may e n a b l e  a p o t e n t i a l  new c lass  o f  v e h i c l e s  i n  t h e  f u t u r e  c a p a b l e  o f  
f l i g h t  t o  o r b i t  and/or  h y p e r s o n i c  c r u i s e .  P o s s i b l z  o p p o r t u n i t i e s  i n  t h i s  regime i n c l u d e  l aunch  
v e h i c l e s ,  h y p e r s o n i c  t r a n s p o r t s ,  and m i l i t a r y  a p p l i c a t i o n s .  

Resources  Summary 

$7,641.3 m i l l i o n  and c i v i l  serv ice  s t a f f i n g  l e v e l  of  21,8011 f u l l - t i m e  e q u i v a l e n t  workyears .  

--1_-- 

The budget  a u t h o r i t y  recommended f o r  FY 1987 t o t a l s  $7 ,694 .4  m i l l i o n  wi th  e s t i m a t e d  o u t l a y s  o f  
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NATIONAL AERONAUTICS AND SPACE A D M I N I S T R A T I O N  

Space S t a t i o n  
Space T r a n s p o r t a t i o n  C a p a b i l i t y  Development 
Space Science and A p p l i c a t i o n s  
Technology U t i l i z a t i o n  
Commercial Use o f  Space 
A e r o n a u t i c a l  Research and Technology 
Transatmospher ic  Research and Technology 
Space Research and Technology 
T r a c k i n g  and Data Advanced Systems 

BU)GET SUWARY 
(Thousands o f  Dollars) 

B u d x t  P 1 an -- ___---I_- 

1985 1986 1987 

SPACE FLIGHT CONTROL AND DATA COMMUNICATIONS 

S h u t t l e  P r o d u c t i o n  and O p e r a t i o n a l  C a p a b i l i t y  
Space T r a n s p o r t a t i o n  Ope ra t i ons  
Space & Ground Networks,  Comm. and Data  Systems 

TOTAL 

2,468,100 

155,500 
391,400 

1,404,500 
9,50ti 

342,400 

150,000 
14,800 

(7,600 e' 
-- - 

3,594,200 

1,484,500 
1,314,000 
795,700 

--L 1,331 7130 

7,551,680 
----I 

-I-- 

7,317,741 

2,756,800 

205,000 
437,0011 

1,546,500 

17,000 
354,000 

168,000 
16,200 

3,397,900 

971,600 
1,725,000 

701,300 

139,300 

1,362,000 

7,656,000 

11,100 

--- 

7,587,203 -- 

3,003,100 -- 

410,000 
465,500 

1,464,000 
13,300 

376,000 
45,000 

17,100 

3,069,000 

745,400 
1,524,700 
798,900 

181 300 

1,441,000 

7,694,400 

7,641,347 

32,000 

180,200 

-I_- 

-2- 

- - - ~  

d I n  FY 1985, funded as p a r t  o f  t he  O f f i c e  o f  Space S t a t i o n  ($.4 m i l l i o n ) ,  O f f i c e  o f  Space F l i g h t  
( $ . 5  m i l l i o n ) ,  O f f i c e  o f  Space Science and A p p l i c a t i o n s  ($3.5 m i l l i o n ) ,  O f f i c e  o f  Ae ronau t i cs  and 
Space Technology ($1 .2  m i l l i o n ) ,  and O f f i c e  o f  Space T rack ing  and Data  Systems ($2.0 m i l l i o n ) .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

RESEARCH AND DEVELOPMENT 

SPACE STATION 

o E s t a b l i s h  a permanent ly  manned s p a c e  s t a t i o n :  
- The n e x t  l o g i c a l  s t e p  i n  U.S. l e a d e r s h i p  i n  s p a c e  
- B u i l t  upon t h e  o p e r a t i o n a l  c a p a b i l i t i e s  o f  t h e  Space S h u t t l e  
- Conducive t o  user community 
- O r b i t a l  a c t i v i t i e s  beg in  i n  t h e  n e x t  decade  

- E n g i n e e r i n g  d e s i g n  by i n d u s t r i a l  c o n t r a c t o r s  
- Subsystem advanced development and t e s t s  i n  d e d i c a t e d  t e s t  beds  
- Early f l i g h t  e x p e r i m e n t s  on t h e  S h u t t l e  t o  prove system f e a s i b i l i t y  
- Continued t r a d e  s t u d i e s  f o r  system o p t i m i z a t i o n  

f a c i l i t a t e  : 
- E s s e n t i a l  s c i e n t i f i c  and t e c h n i c a l  r e s e a r c h  
- Unique commercial  a c t i v i t i e s  
- More e f f i c i e n t  o p e r a t i o n a l  t a sks  i n  s p a c e  such  as: 

o Conclude a t h o r o u g h l y  d e t a i l e d  f ron t- end  d e f i n i t i o n  i n c l u d i n g :  

o I n i t i a t e  development  o f  a mul t i- purpose  f a c i l i t y  i n v o l v i n g  b o t h  manned and unmanned e l e m e n t s  t o  

- S a t e l l i t e  s e r v i c i n g  
- Assembly and s e r v i c i n g  o f  p l a t f o r m s  
- Placement  o f  s p a c e c r a f t  i n t o  h i g h e r  o r b i t s  

- E x t e n s i v e  n a t i o n a l  and i n t e r n a t i o n a l  user community p a r t i c i p a t i o n  through:  
- S i m p l i f i e d  u s e r  i n t e r f a c e s  
- C a p a b i l i t y  f o r  o n- o r b i t  crew main tenance  
- O p e r a t i o n a l  autonomy t o  a c h i e v e  e f fec t ive  long- term per formance  

- Manned m i s s i o n s  t o  t h e  Moon or p l a n e t s  
- Unmanned s c i e n t i f i c  p r o b e s  and sample  r e t u r n s  

- S t a g i n g  fo r  p o t e n t i a l  f u t u r e  n a t i o n a l  programs s u c h  as: 

F i s c a l  Years  
~ 

MAJOR FLIGHT A C T I V I T Y  

F l i g h t  Exper iments  on Space S h u t t l e . .  . . . . . . . . . . . . . .r 
-- 

1985 1986 1987 1988 1989 19913 1991  

BUDGET PLAN ( m i l l i o n s  o f  d o l l a r s )  
U t i l i z a t i o n  
Advanced Development 
Program Management / In tegra t ion  
O p e r a t i o n a l  Read iness  
Systems D e f i n i t i o n  
Systems Development 

T o t a l  

FY 19135 
9.3 

-- FY 1986 
11.1 

50 .1  70.8 
57.5  613.0 

2.9 5.3 
35.7 57.8 

155.5 
_I- 

FY 1387 
15.C 
83.0 
57.0 
1 7  .O 
88.U 

150.U 
41U.G 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

RESEARCH AND DEVELOPMENT 

SPACE TRANSPORTATION CAPABILITY DEVELOPMENT 

o Proceed wi th development of  t he  c a p a b i l i t i e s  t o  enhance t he  space t r a n s p o r t a t i o n  system t h r o u g h  
p u r s u i t  o f :  

- Manned o r b i t a l  exper iments  u s i n g  S h u t t l e  and Spacelab 
- F i r s t  use o f  Centaur upper s tage  t o  p l a c e  pay loads i n t o  deep space and i n  geosynchronous o r b i t s  
- I d e n t i f i c a t i o n  o f  f u t u r e  space programs and new techno logy  t o  reduce program r i s k s  
- O r b i t a l  p lacement,  s e r v i c i n g  and r e t r i e v a l  o f  automated s a t e l l i t e s  
- O r b i t a l  maneuvering v e h i c l e  t o  ex tend o p e r a t i o n a l  o n- o r b i t  c a p a b i l i t i e s  range 

o Development o f  U n i t e d  S t a t e s - I t a l i a n  Tethered S a t e l l i t e  System 

o M a i n t a i n  eng ineer ing ,  s c i e n t i f i c  and t e c h n i c a l  suppor t  c a p a b i l i t y  

o Development o f  o p e r a t i o n a l  equipment t o  s u p p o r t  pay load p rz -  and pos t- launch  p r o c e s s i n g  and 
on- o r b i  t o p e r a t i o n s  

MAJOR FLIGHT A C T I V I T Y  
--I---- ----- 

--- F i s c a l  Years 
-----I-------- 

1985 1986 1987 1988 1989 - 1990 1991 

Spacelab ( O p e r a t i o n a l  f l i g h t s ) .  ................. . A  
Tethered S a t e l l i t e  System .............................................................. A 
O r b i t a l  Maneuver ing Vehicles.................................. ..................................... A 

FY 1987 -- FY 1985 FY 1986 BUDGET PLAN ( m i l l i o n s  o f  d o l l a r s )  ~- 

Space T r a n s p o r t a t i o n  C a p a b i l i t y  
Development 391.4 437.0 465.5 -- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

RESEARCH AND DEVELOPMENT 

SPACE SCIENCE AND APPLICATIONS 
---~--I_- 

o I n c r e a s e  our  unde rs tand ing  o f  t h e  E a r t h  and i t s  env i ronment ,  t h e  s o l a r  system, and t h e  u n i v e r s e  

o U t i l i z e  t h e  space envi ronment  f o r  r esea rch  i n  t h e  b iomed i ca l ,  b i o l o g i c a l ,  and b i o i n s t r u m e n t a t i o n  

o E x p l o i t  t h e  knowledge ga ined  from c u r r e n t  and completed program e f f o r t s  by thorough a n a l y s i s  and 

o Develop and demonstrate p r a c t i c a l  uses o f  space and space- der ived techno logy  

t h r o u g h  a balanced program o f  space e x p l o r a t i o n  m iss ions  and ground-based i n v e s t i g a t i o n s ;  

f i e l d s ;  

i n t e r p r e t a t i o n  o f  t h e  s c i e n t i f i c  d a t a  ob ta ined ;  and 

MAJOR FLIGHT A C T I V I T Y  
-_I 

Hubble space t e l escope  ......................................... 
Gamma r a y  obse rva to ry  ....................................... b . . . . . . . . . A  

E x p l o r e r  launches..  ..................................... A A . . A A A . . . . .  A ... A 
Shut  t l e / s p a c e l a b  sc ience  and a p p l i c a t i o n s  

Ded ica ted  l i f e  sc iences  spacelab missions................ - 
Voyager 
Galilee ................................................. A ................ 
U lysses  ................................................. A ........................ A P o l a r  Passage 
Magel lan.  .............................................................. 
Mars observer  ...................................................................... A 

Upper atmospher ic  r esea rch  s a t e l l i t e . .  ............................................. .A 
Sca t te rome te r  ( t o  be launched on Navy 's  NROSS m i s s i o n ) .  ........................... .A 

m i s s i o n s  ....................................... A 

................................................ 0'::::. .............. 
@ Q  

A @  

Search and rescue l o c a t o r  system on 
weather satel l i tes.. . . . . . . . . .  .................. 

Ocean topography experiment. .  ............................................................... A 
FY 1387 - BUDGET --_ PLAN ( m i l l i o n s  r 3 f  d o l l a r s )  

P h y s i c s  and Astronomy 677.2 607.1 539.4 
L i f e  Sciences b2.3 69.9 74.7 
P l a n e t a r y  E x p l o r a t i o n  290.9 352.8 323.3 

524.6 Space A p p l i c a t i o n s  -~ 
1464.0 

___-I 

FY 1986 
~ 

FY 1985 ----- 

-- 518.7 

1548.5 
- - 374.1 

1404.5 ---- 
-__-I -_I_ 

T o t a l  Space Science and A p p l i c a t i o n s  -- -- - -- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROGRAM HIGHLIGHTS 

SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS 

SPACE AND GROUND NETWORKS, COMMUNICATION AND DATA SYSTEMS 
o Track ing  and Data  A c q u i s i t i o n  u s i n g  Space and Ground Network i n t e r c o n n e c t e d  wi th  h i g h l y  r e l i a b l e  

communicat ions t o  p r o v i d e  s u p p o r t  t o :  

- S h u t t l e  o p e r a t i o n a l  f l i g h t s  

- Automated E a r t h  o r b i t i n g  m i s s i o n s  - s u p p o r t s  a p p l i c a t i o n s  and s c i e n t i f i c  s p a c e c r a f t  i n c l u d i n g  
t h e  Nimbus, Landsa t ,  I n t e r n a t i o n a l  U l t r a v i o l e t  E x p l o r e r ,  I n t e r n a t i o n a l  Sun-Earth E x p l o r e r ,  S o l a r  
Maximum Miss ion ,  Dynamics E x p l o r e r ,  S o l a r  Mesosphere E x p l o r e r ,  E a r t h  R a d i a t i o n  Budget S a t e l l i t e ,  
and Activa Magnetospher ic  Par t i c le  Tracer E x p l o r e r .  

- P l a n e t a r y  m i s s i o n s  - support :  w i l l  c o n t i n u e  for  Pioneers- 10 and -11, P i o n e e r  Venus, and Voyagers-  
1 and - 2, a s  well a s  l i m i t e d  s u p p o r t  f o r  t h e  e a r l i e r  P i o n e e r  m i s s i o n s  

- Upcoming m i s s i o n s  which w i l l  i n c l u d e  Hubbls Space Te le scope ,  G a l i l e o  and Ulysses 

- Sounding r o c k e t s  

- A e r o n a u t i c a l  f l i g h t  r e s e a r c h  program 

The Track ing  and Data Relay S a t e l l i t e  System (TDRSS) w i l l  r e p l a c e  most ground s t a t i o n s  i n  p r o v i d i n g  
t r a c k i n g ,  command and telemetry services  t o  a l l  low-Earth o r b i t a l  m i s s i o n s .  The f i r s t  s p a c e c r a f t  
was launched i n  A p r i l  1983,  t h e  second is schedu led  t o  be l aunched i n  J a n u a r y  1986 and t h e  t h i r d  
l a u n c h  is  p lanned f o r  t h e  l a s t  h a l f  o f  1986.  

o 

M A J J R  FLIGHT A C T I V I T Y  

T rack ing  and Data Relay S a t e l l i t e . .  . .. . . . . . . . . . . . . . . . . .A A 
(Backup s a t e l l i t e s  a v a i l a b l e )  

BilDGET PLAN ( m i l l i o n s  o f  d o l l a r s )  

Space & Ground Network, Corm., and 
Data  Sys tems 

FY 1985 
-_I_ 

795.7 

FY 1985 -___ 

701.3  

FY 1387 

798.3 

*Mission f a i l e d  Janua ry  28, 1986 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

F I S C A L  YEAR 1987 ESTIMATES 

SUMMARY R E C O N C I L I A T I O N  OF APPROPRIATIONS TO BUDGET PLANS 
(Thousands of  Dollars) 

- 

Space F l i g h t ,  Research and 

Data Comm. o f  F a c i l i t i e s  ManaEment 
Research and C o n t r o l  and C o n s t r u c t i o n  Program 

___ ---- - T o t a l  Development --- - 
F i s c a l  Year 1985 -- - -- - 

A p p r o p r i a t i o n  PL 98-371. . . . . . . . . . . .  7 ,495,900 2,417,100 3,501,80U 150,000 1 ,317,000 
Reappropr ia t ion ,  PL 98-371.. . . . . . . .  5 ,500 5,509 
Trans fe r  Between Accounts.......... 
Supplemental App rop r i a t i on ,  

--- -- - --- 
--- -- - -7,600 +7,600 --- 

Rescission......................... -6,009 - - -  --- --- -6,1100 
--- 21,300 PL 99- 88. . . . . . . . . . . . . . . . . . . . . . . . .  66,800 45,5GO -- - 

.............................. --- -- - --- -520 -520 -- ---- -- ---- ------ Lapse 

T o t a l  Budget Plan................ 7,551,680 2,468,100 3,594,200 157,600 1 , 3 3 1  ,'780 
-I __ --- -- I-- - - - - 

F i s c a l  Year 19d6 
-I_- - 

Approp r i a t i on ,  P.L. 99- ldu. . . . . . . . .  ---L 7,656 000 2-L 2 756 800 3,397,900 139 300 --L 

F i s c a l  Year 1987 
-I---I -- --- 

181,300 
--I-- 

3,069,000 
--__--I - A p p r o p r i a t i o n  Request/Budget Plan.. 7 - L - L  694 400 _I_-- 3,003,100 - 

1 362 OOU -9- -L 

1 441 000 1--L 
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Jamnn $mce Cmter ........ 
Kemedy Spece Cmtm ........ 
k&dl Spece Fllght  center 
N e t i d  spes: Tecmology 

Laboratories.. . . . . . . . . . . . . 
Goddard spen! F l q k  Cmter. 
Jet Prapllsion mratnry.. . 
/Imes - centg ........ 
Legley fheanzh center..... 
Lewis Res%Idl center ....... 
Irqectnr CBlOral........... 
Headqrerters.. . . . . . . . . . . . . . . 
Agencyide Ac t iv i t i e s  ....... 
Lhdistrihutad ccrstructim of 

F a c i l i t i e s :  
Varim Lomtians ......... 
Fac i l i ty  Plarung 

31,117 
l,lp9,214 

511,895 
363 , 5 2  
337,016 
452,178 

5,225 
605,252 - 

33,168 32,218 
1,U25,124 1,060,479 

560,691 626,545 

332,910 388,592 
469,CQ4 358,177 

5,511 5,494 
739,a15 1,026,783 

)88,253 443,336 

- 1 2 , m  

=J,m 
4 5 , m  

499,772 

10,848 
399,lil.l 
363,693 

175,994 
21737  

311,595 
- 

179,716 
- 

- 

2u1,073 

485,2361 

11,461 
450,794 

239,555 
177,881 

268,539 

69,915 

449,291 

323,Lyi7 
-- 
- 

- 

339,623 
63,1% 

517,- 

12,165 
459,741 
m ,445 
267,723 
221,759 
aD1,557 

4x,m7 
- 

- 

- 

14,100 214,811 ao9,5tJ7 Zld,llD 
3,400 184,488 1%,M m,m 
2,100 i m , w  m,m 213,847 

10,&9 
l%,67  

120,XO 
147,122 
137,383 

5,225 
l l 6 , U  

- 

- 

11,453 
214,338 

133,9l3 
155,033 
w,3ai 

5,494 
l27,tl% 
u,m 

- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
SUMHARY OF PERMANENT C I V I L  SERVICE WORKYEARS 8 Y  INSTALLATION 

FISCAL YEAR 1987 ESTIMATES 

Johnson Space Center  ..................................................... 
Kennedy Space Center ..................................................... 
M a r s h a l l  Space F l i g h t  Center ............................................. 
N a t i o n a l  Space Technology L a b o r a t o r i e s  ................................... 
Goddard Space F l i g h t  Center .............................................. 
Ames Research Center ..................................................... 
Langley  Research Center .................................................. 
Lewis  Research Center .................................................... 
Headquar ters  ............................................................. 
I n s p e c t o r  Genera l  ........................................................ 

S u b t o t a l .  F u l l - T i m e  Permanent .......................................... 
Other Than Fu l l- T ime Permanent ......................................... 

T o t a l .  C e i l i n g  C o n t r o l l e d  C i v i l  S e r v i c e  .............................. 

FY 1985 

3.  247 
2. G64 
3. 263 

114 
3. 559 
2. 044 
2 .  824 
2. 647 
1. 267 

94 

21. 123 

870 

21. 993 

FY 1986 -... 

3. 252 
2. 035 
3 .  229 

11 9 
3 .  576 
2. 029 
2. a12 
2. 655 
1. 242 

97 -- 
21. 046 

754 

21 800 2- ........ 

FY 1987 

3. 253 
2.  030 
3. 234 

119 
3. 576 
2.  029 
2. 812 
2.  655 
1. 242 

97 

21. 047 

753 .. 

21 800 -I--- ... 
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NATIONAL AERONATUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

GENERAL STATEMENT 

The o b j e c t i v e s  o f  t h e  N a t i o n a l  Ae ronau t i cs  and Space A d m i n i s t r a t i o n  program o f  r esea rch  and 
development a r e  t o  ex tend  our  knowledge o f  t h e  Ea r th ,  i t s  space envi ronment ,  and t h e  un i ve rse ;  t o  
expand t h e  techno logy  fo r  p r a c t i c a l  a p p l i c a t i o n s  o f  space techno logy ;  t o  deve lop  and improve manned 
and unmanned space v e h i c l e s ;  and t o  assure  con t i nued  development o f  t h e  long- term a e r o n a u t i c s  and 
space resea rch  and techno logy  necessary t o  accompl ish n a t i o n a l  goa ls .  
t h rough  t h e  f o l l o w i n g  elements: 

____ SPACE STATION: A program t o  develop a U n i t e d  S t a t e s  space s t a t i o n  t o  c o n t i n u e  t h e  N a t i o n ' s  l e a d e r s h i p  
i n  space and t o  p r o v i d e  f o r  enhancement o f  sc i ence  and a p p l i c a t i o n s  programs and t o  f u r t h e r  t h e  
commercial  u t i l i z a t i o n  o f  space w h i l e  s t i m u l a t i n g  advanced t echno log ies .  

These o b j e c t i v e s  a r e  achieved 

SPACE TRANSPORTATION CAPABILITY DEVELOPMENT: A program t o  p r o v i d e  for  t h e  development and use of 
c a p a b i l i t i e s  r e l a t e d  t o  t he  Space S h u t t l e .  The p r i n c i p a l  areas o f  a c t i v i t y  i n  Space T r a n s p o r t a t i o n  
C a p a b i l i t y  Development a r e  e f f o r t s  r e l a t e d  t o  t h e  development and f l i g h t  c e r t i f i c a t i o n  o f  t he  j o i n t l y  
developed U .S . / I t a l y  Tethered S a t e l l i t e  System, development o f  t he  O r b i t a l  Maneuvering Veh i c l e ,  
development and o p e r a t i o n s  o f  t he  Spacelab systems, t h e  development and procurement o f  upper s tages  
t h a t  p l a c e  s a t e l l i t e s  i n  h i g h  a l t i t u d e  o r b i t s ,  t h e  eng inee r i ng  and t e c h n i c a l  base suppo r t  a t  NASA 
cen te rs ,  pay load  o p e r a t i o n s  and s u p p o r t  equipment, and advanced programs s tudy  and e v a l u a t i o n  e f f o r t s .  

SPACE SCIENCE AND APPLICATIONS: A program u s i n g  space systems, suppor ted  by  ground-based and a i r b o r n e  
obse rva t i ons ,  (1) t o  conduct  a b road  spectrum o f  s c i e n t i f i c  i n v e s t i g a t i o n s  t o  advance our  knowledge o f  
t h e  E a r t h  and i t s  space environment,  t h e  Sun, t h e  p lane ts ,  i n t e r p l a n e t a r y  and i n t e r s t e l l a r  space, t h e  
s t a r s  o f  our  ga laxy  and t h e  un i ve rse ;  and ( 2 )  t o  i d e n t i f y  and develop t h e  techno logy  f o r  t h e  u s e f u l  
a p p l i c a t i o n s  o f  space techn iques  i n  t h e  a reas  o f  advanced communicat ions s a t e l l i t e  systems techno logy ;  
m a t e r i a l s  p r o c e s s i n g  resea rch  and expe r imen ta t i on ;  and remote sens ing  t o  a c q u i r e  i n f o r m a t i o n  which 
w i l l  a s s i s t  i n  t h e  s o l u t i o n  o f  E a r t h  resou rces  and env i ronmen ta l  problems. 

TECHNOLOGY UTILIZATION: The program i n c l u d e s  a c t i v i t i e s  t o  a c c e l e r a t e  t h e  d i s s e m i n a t i o n  t o  b o t h  t h e  
p u b l i c  and t h e  p r i v a t e  s e c t o r s  o f  advances ach ieved i n  NASA 's  research ,  techno logy ,  and development 
programs. 
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COMMERCIAL USE OF SPACE: A program t o  i nc rease  p r i v a t e  s e c t o r  awareness o f  space o p p o r t u n i t i e s  and 
encourage i nc reased  i n d u s t r y  i nves tmen t  and p a r t i c i p a t i o n  i n  h i g h  techno logy ,  space-based resea rch  and 
development.  

AERONAUTICS AND SPACE TECHNOLOGY: A program t o  conduct  t h e  fundamental  long- term resea rch  and t o  
deve lop  t h e  d i s c i p l i n e  and systems techno logy  r e q u i r e d  t o  m a i n t a i n  U n i t e d  S t a t e s  l e a d e r s h i p  i n  
a e r o n a u t i c s  and space. 

TRACKING AND DATA ADVANCED SYSTEM: This program i n c l u d e s  a c t i v i t i e s  t o  pe r fo rm  s t u d i e s  and p r o v i d e  
fo r  t h e  development o f  systems and t echn iques  l e a d i n g  t o  improved t r a c k i n g  and da ta  program 
c a p a b i l i t i e s .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 
FY 1987 BU)GET ESTIMATES ------ 

SPACE STAT ION 

SPACE TRANSPORTATION CAPABILITY DEVELOPMENT 

SPACE SCIENCE AND APPLICATIONS 

Phys i cs  and astronomy ................... 
P l a n e t a r y  e x p l o r a t i o n  ................... 

M a t e r i a l s  p rocess ing  .................... 
I n f o r m a t i o n  systems ..................... 

L i f e  sciences........................... 

S o l i d  e a r t h  observations................ 
Envi ronmental  observa t ions  ............... 
Communications.......................... 

COMMERCIAL PROGRAMS __- 
Technology U t i l i z a t i o n  
Commercial Use o f  Space 

1986 1987 
1985 Budget Cu r ren t  Budget 

Es t ima te  E s t  iina t e Es t imate  
(Thousands o f  m a r s )  

A c t u a l  

155.500 230.000 

39 1 ,400 
1,404,500 
677,200 
62,300 
290,900 
57,600 
212,7013 

60,6UC 
16,200 

--- 

27,000 

459 300 
- 1,613,200 

630,400 
72,bOO 
359,000 
74,900 
317,50O 

106,200 
19,200 

--A 

34, (300 

205,000 
437 o m  
1- 1 548,500 

607,lGU 
69,900 
352,800 
74,900 
289,800 
35,000 

100,300 
18,700 

---.-L 

410,000 
465.500 
- 1,464,000 

74,700 
323,300 
74,100 
367, YO0 

19,500 

539,400 

43,900 

21,200 
45,300 41 100 28,100 

9,5G0 1 1 , l O U  11,100 13,300 
( 7,600 15’ 30,000 17, 0UO 32,000 

- 9,5UO -L 

601 2b0 AERONAUTICS -___---- AND SPACE TECHNOLOGY 492 -L 400 522, -I__ Ot iO  522 --L- 001r --I- 

A e r o n a u t i c a l  research  and technology .... 342,400 354,000 354, GO0 375, 00G 

Space research  and technology ........... 15O,OGU 168,OOlj 168, 00Ij leu, 200 
Transatmospheric research  and technology - -- -- - --- 45, b00 

17,lGO 

2,468,100 2,881,80O --- 2 756,800 3 _---L GO3 100 
_I-- 

TRACKING AND DATA ADVANCED SYSTEMS - 14,80U 16,200 16 200 ______- 
-_--I_ 

-?--- 
__I_- ___ --I--- 

TOTAL 

- a/ I n  FY 1985, funded as p a r t  o f  the  O f f i c e  o f  Space S t a t i o n  ($.4 m i l l i o n ) ,  O f f i c e  o f  Space F l i g h t  
($.5 m i l l i o n ) ,  O f f i c e  o f  Space Science and A p p l i c a t i o n s  ($3.5 m i l l i o n ) ,  O f f i c e  o f  Aeronaut ics  and 
Space Technology ($1.2 m i l l i o n ) ,  and O f f i c e  o f  Space Track ing  and Data Systems ($2.0 m i l l i o n )  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

RESEARCH ASD DEVELOPMEST' 
' Srr Pan II  lor additional inlormation 
For necessary expenses, not otherwise provided for, including re- 

search. development. operations. services. minor construction. mainte- 
nance, repair, rehabilitation and modification of real and personal 
property; purchase. hire, maintenance, and operation of other than 
administrative aircraft. necessary for the conduct and support of a e r e  
nautical and space research and development activities of t he  Nation- 
a1 Aeronautics and Space Administration; [SS.i56.800.000) 
S3.000'.100.000, to remain available until September 30, [1987] 1988. 
lDcpariment of Housing and Urban Dciielopment-Independent Agen- 
cies Appropriations Ac f .  19E6:. additional authorizing legislation to be 
proposed. ) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Research and DeveloDment 

Research and Development 

Reimbursable Sumnary 
( I n  thousands o f  dollars) 

Space T r a n s p o r t a t i o n  C a p a b i l i t y  .............................. 
Space Science and A p p l i c a t i o n s  ............................... 
Technology Util izat ion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Space Research and Technology ................................ 
A e r o n a u t i c a l  Research and Technology ......................... 
Energy Technology ............................................ 

Total...................................................... 

297,486 238,543 264,000 

326,125 345,627 345, OGO 

3,475 2,274 3 ,  uolj 

15,044 1 0 ,  (358 9,400 

56, a82 54,224 55,  5u0 

-L 85 988 82,474 60,300 

737,200 --_ -- - I 733,200 
_I---- -___- 

785,000 
--I_ 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

SUWARY OF BIDGET PLAN BY SUBFUNCTION 
( I n  thousands o f  d o l l a r s )  

FY 1985 FY 1986 

253 Space F l i g h t  546,900 642,000 

-_I_ 

Code ~- 

...................................... 
254 Space Science, A p p l i c a t i o n s  and Technology ........ 1,564,000 1,744,600 

255 Suppor t ing  Space Activities....................... 14,800 - 16,ZGO 

(250 ) S u b t o t a l ,  General Science, Space and Technology 2,125,700 2,402,80U 

- 354,000 

2 756 800 

402 A i r  T r a n s p o r t a t i o n  ................................ 342,400 

Total......................................... -__-- 2,468,100 -2- ----- --_--- 

FY 1987 

875,560 

1,712,000 

17,100 

2,604,600 

398,500 

3,U03 -I--- 100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIHATES 

E W E 1  W A R Y  

OFFICE OF SPACE STATIW 

SUMMARY OF RESOURCES REQUIREMENTS 

1985 
Actual 

 definition.............^...........^^^ 155. 500 
U t i l i z a t i o n  ......................... (9. 300 1 

O p e r a t i o n a l  Readiness  ............... (2. 900) 

Advanced Development ................ (50. 100) 
Program Management/Integrat ion ...... (35. 700) 

System D e f i n i t i o n  .................. (57. 500) --- Development ........................... 
T o t a l  ............................... 155. 500 

D i s t r i b u t i o n  of  Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  .................. 
Kennedy Space Center  .................. 
Nat iona l  Space Technology L a b o r a t o r i e s  
Goddard Space F l i g h t  Center  ........... 
Jet  P ropu l s ion  Labora tory  ............. 
Ames Research Cen te r  .................. 
Langley Research Center  ............... 
Lewis Research Center  ................. 
Headquar te rs  ......................... 

T o t a l  ............................... 

Marsha l l  Space F l i g h t  Center  .......... 
63. 566 

2. 852 
36. 009 

300 
16. 379 

5. 277 
3. 240 
4. 8813 

16. 734 
6. 263 

155. 500 

1986 
Budget Cur ren t  

Estimate Estimate 
(Thousands of  D o l l a r s )  

230. 000 205. 000 

(82. 000) (70. 800) 

(7. 000) (5. 300) 
(74. 000) (60. 000) 

(15. U00) (11. 100) 

(52. 000) (57. 800 

... .-. 

230. 000 205. 000 

111. 900 

45. 400 
4bb 

17. 800 
7. 600 
4. 500 
4. 100 

26. 800 
6. 2UU 

230. 000 

5. 3b0 
100 . 202 

3. 216 
37. 242 

624 
16. 611 
4. 464 
1. 943 
5. 627 

20. 769 
14. 302 

205. OUU 

*Development funds of  $150. 000 are shown a t  Headquar te rs  pending d e c i s i o n s  on 
related f i e l d  c e n t e r  ass ignments  . 

SPACE STATION PROGRAM 

1987 
Budget Page 

Estimate Number 

260. 000 RD 1-4 
(15. 000) RD 1-4 
(83. 000) RD 1-4 
(88. 000) RD 1-5 
(17. 000) RD 1-5 
(57. 000) RD 1-5 
150. U00 RD 1-5 

410. lr00 

146. 800 
10 . 200 
37. 000 

600 
15. 000 

5. 900 
1. 700 
4. 600 

20.50O 
167 ; 7U0* 
410.000 . 

t h e  i n d i v i d u a l  e lements  and 
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OBJECTIVES AN0 STATUS 

The Space  S t a t i o n  w i l l  p r o v i d e  a unique c a p a b i l i t y  t o  enhance  t h e  N a t i o n ' s  s p a c e  s c i e n c e  and a p p l i c a t i o n s  
program and t o  f u r t h e r  t h e  commercial  u t i l i z a t i o n  o f  s p a c e  w h i l e  s t i m u l a t i n g  advanced t e c h n o l o g i e s .  
Development o f  t h e  pe rmanen t ly  manned Space  S t a t i o n ,  as d i r e c t e d  by P r e s i d e n t  Reagan, w i l l  f o l l o w  a v i g o r o u s  
b u t  d e l i b e r a t e l y- p a c e d  program p l a n  which w i l l  p e r m i t  u s  t o  m a i n t a i n  t h e  preeminence  i n  s p a c e  o u r  N a t i o n  h a s  
a t t a i n e d  t h r o u g h  v a r i o u s  manned and unmanned programs.  

The Space  S t a t i o n  w i l l  be a m u l t i- p u r p o s e ,  i n t e r n a t i o n a l  f a c i l i t y  p r o v i d i n g  a permanent human p r e s e n c e  i n  
s p a c e  t o  conduc t  e s s e n t i a l  s c i e n t i f i c  and t e c h n i c a l  research, t o  s u p p o r t  u n i q u e  commercial  a c t i v i t i e s  and t o  
perform o p e r a t i o n a l  tasks  more e f f i c i e n t l y  i n  s p a c e .  I n t e r n a t i o n a l  p a r t i c i p a t i o n  i n  t h e  Space  S t a t i o n  
program was encouraged by P r e s i d e n t  Reagan i n  h i s  1984 S t a t e  o f  t h e  Union a d d r e s s .  Canada, member s t a t e s  o f  
t h e  European Space  Agency (ESA), and J a p a n  have responded e n t h u s i a s t i c a l l y .  Memoranda o f  U n d e r s t a n d i n g s  
(MOU) f o r  t h e  d e f i n i t i o n  and p r e l i m i n a r y  d e s i g n  phase  were e x e c u t e d  w i t h  Canada, ESA, and J a p a n  i n  t h e  
S p r i n g  of  1985 c o n c u r r e n t  wi th  t h e  i n i t i a t i o n  o f  t h e  NASA d e f i n i t i o n  c o n t r a c t s .  These  i n t e r n a t i o n a l  
p a r t n e r s  are u n d e r t a k i n g  p a r a l l e l  d e f i n i t i o n  and p r e l i m i n a r y  d e s i g n  s t u d i e s  t o  i d e n t i f y  Space  S t a t i o n  
e l e m e n t s  t h a t  each o f  them may c o n s i d e r  f o r  development.  

The Space  S t a t i o n  w i l l  be d e s i g n e d  t o  p e r m i t  t h e  s y s t e m  t o  e v o l v e ,  as w a r r a n t e d ,  over  time and t o  p r o v i d e  
g r e a t e r  user u t i l i t y  and o p e r a t i o n a l  c a p a b i l i t i e s .  I ts  manned and unmanned e l e m e n t s  w i l l  be  d e s i g n e d  t o  
f a c i l i t a t e  o n- o r b i t  maintainability/restorability, o p e r a t i o n a l  autonomy, human p r o d u c t i v i t y ,  and s i m p l i f i e d  
user i n t e r f a c e s .  l m p l i c i t  i n  t h e s e  o b j e c t i v e s  is t h e  r e c o g n i z e d  need t o  o p t i m i z e  madmach ine  systems i n  
s p a c e  v i a  a u t o m a t i o n ,  r o b o t i c s  and a r t i f i c i a l  i n t e l l i g e n c e  t e c h n o l o g i e s .  Dur ing t h e  d e f i n i t i o n  p e r i o d ,  NASA 
is  c o n d u c t i n g  trade s t u d i e s  t o  evaluate v a r i o u s  subsys tems  changes  t o  t h e  Space  S t a t i o n  o p t i o n s .  Changes t o  
t h e  r e f e r e n c e  c o n f i g u r a t i o n  are b e i n g  made t o  arr ive a t  t h e  optimum b a s e l i n e  c o n f i g u r a t i o n  c o n s i d e r i n g  user 
r e q u i r e m e n t s ,  systems e f f i c i e n c y ,  development  and o p e r a t i o n s  c o s t ,  and growth p o t e n t i a l .  Changes t o  t h e  
i n i t i a l  "power tower"  r e f e r e n c e  c o n f i g u r a t i o n  t h a t  have been b a s e l i n e d  so far are: (1) d u a l  k e e l ;  ( 2 )  
" f i g u r e  6" module p a t t e r n ;  ( 3 )  43.7 f e e t  module l e n g t h ;  (4 )  14.7 p s i  c a b i n  p r e s s u r e ;  ( 5 )  assembly a l t i t u d e  
o f  220 n a u t i c a l  miles and a minimal o p e r a t i n g  a l t i t u t e  o f  250 n a u t i c a l  miles; and,  ( 6 )  1 0  t o  t h e  minus 5 g ' s  
m i c r o g r a v i t y  level. 

Dur ing  t h e  d e f i n i t i o n  program, NASA is u n d e r t a k i n g  a Congress ional ly- mandated  s t u d y  t o  examine t h e  
f e a s i b i l i t y  o f  i n i t i a l l y  b u i l d i n g  and d e p l o y i n g  a man-tended Space  S t a t i o n  fo l lowed  w i t h  a t h r e e  t o  f i v e  
year phase- in  o f  a permanent ly  manned c a p a b i l i t y .  T h i s  s t u d y  w i l l  be s u b m i t t e d  t o  t h e  Congress  p r i o r  t o  t h e  
A d m i n i s t r a t o r ' s  s e l e c t i o n  o f  a b a s e l i n e  pe rmanen t ly  manned Space  S t a t i o n  c o n f i g u r a t i o n .  A l l  o f  t h e  NASA 
c e n t e r s  and Space S t a t i o n  d e f i n i t i o n  c o n t r a c t o r s  are i n v o l v e d  i n  t h i s  s t u d y  which is p r o g r e s s i n g  on 
s c h e d u l e .  
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The S t a t i o n  and i t s  p l a t f o r m s  w i l l  be p l a c e d  and ma in ta ined  i n  low- Ear th  o r b i t  by t h e  Space T r a n s p o r t a t i o n  
System, t he reby  b u i l d i n g  upon t h e  p r e v i o u s  n a t i o n a l  i nves tmen t  i n  space. The i n i t i a l  l a u n c h  o f  t h e  Space 
S t a t i o n  e lements w i l l  occur  i n  t h e  e a r l y  t o  mid-1990's. 

The d e f i n i t i o n  and p r e l i m i n a r y  des ign  phase w i l l  c o n t i n u e  th rough  FY 1987 and w i l l  p r o v i d e  t h e  t e c h n i c a l  
and programmat ic  p l a n  f o r  t h e  Space S t a t i o n  program, i n c l u d i n g  t h e  c o m p l e t i o n  o f  t h e  d e t a i l e a  d e f i n i t i o n  and 
p r e l i m i n a r y  design,  t h e  a n a l y s i s  and i n t e g r a t i o n  o f  n a t i o n a l  and i n t e r n a t i o n a l  user  community requ i rements ,  
and t h e  advanced development o f  t echno logy  o p t i o n s .  A c o n t i n u i n g  emphasis on use r  requ i remen ts  w i l l  be 
m a i n t a i n e d  th roughou t  t h e  d e f i n i t i o n  phase as t h e  p r e l i m i n a r y  e n g i n e e r i n g  des ign  evo l ves  th rough  subsystem 
advanced development and t e s t i n g  i n  d e d i c a t e d  t e s t  beds. F l i g h t  exper iments  on t h e  S h u t t l e  w i l l  be 
per fo rmed t o  p rove  system f e a s i b i l i t y ,  and t r a d e  s t u d i e s  t o  o p t i m i z e  systems and o p e r a t i o n s  w i l l  be 
conducted. This d e t a i l e d  system d e f i n i t i o n  w i l l  p r o v i d e  assurance o f  a c h i e v i n g  program o b j e c t i v e s .  

The development phase, b e g i n n i n g  e a r l y  i n  FY 1987, w i l l  i n c l u d e  e s t a b l i s h i n g  system des ign  requ i remen ts  
and pe r fo rm ing  d e t a i l e d  a n a l y s i s  f o r  t h e  i n i t i a t i o n  o f  t h e  des ign  and l a y o u t  o f  t h e  modules and subsystems, 
t h e  des ign  o f  ground suppo r t  equipment and government f u r n i s h e d  equipment,  and t h e  des ign  and p l a n s  f o r  
t o o l i n g  and manu fac tu r i ng  processes. 

CHANGES .FRW FY 1986 BUDGET ESTIMATE 

The FY 1986 budget e s t i m a t e  o f  $236 m i l l i o n  was reduced i n  t h e  Cong ress iona l  r e v i e w  p rocess  by $25 m i l l i o n  
t o  $205 m i l l i o n .  I n  a d d i t i o n ,  Cong ress iona l  d i r e c t i o n  r e q u i r e d  t h a t  $5 m i l l i o n  be added within t h e  
a v a i l a b l e  f u n d i n g  f o r  advanced techno logy  work i n  suppo r t  o f  d e l i v e r y  o f  a f l i g h t  t e l e r o b o t i c  system f o r  a 
m o b i l e  remote m a n i p u l a t o r  and a smart  f r o n t- e n d  on t h e  O r b i t a l  Maneuver ing V e h i c l e  t o  be used f o r  remo'te 
o p e r a t i o n s  and s e r v i c i n g .  

To accommodate t h e  e f f e c t i v e  $30 m i l l i o n  budget  decrease i n  t h e  o r i g i n a l  budget  p lan ,  r e d u c t i o n s  and 
r e a l l o c a t i o n s  were made wi th in  t h e  s i x  d e f i n i t i o n  phase f u n c t i o n a l  areas. 

Reduc t ions  i n  U t i l i z a t i o n  were taken  i n  a l l  f i v e  d i s c i p l i n e  areas. These r e d u c t i o n s  were ach ieved by 
e l i m i n a t i n g  p a r a l l e l  e f f o r t s  between work package c o n t r a c t o r s  and c e n t e r s  and by c o n s o l i d a t i n g  s p e c i f i c  
d i s c i p l i n e  d e f i n i t i o n  e f f o r t s  i n t o  common g e n e r i c  t a s k s  t h a t  addressed t h e  concerns o f  sc ience  and 
a p p l i c a t i o n s ,  commercial ,  and techno logy  accommodations. The r e d u c t i o n s  i n  Advanced Development touched a l l  
t echno logy  areas. The e f f e c t  o f  these r e d u c t i o n s  is t h e  e l i m i n a t i o n  o f  some techno logy  o p t i o n s  e a r l i e r  t h a n  
o r i g i n a l l y  planned. F o r  example, i n  t h e  power techno logy  area, a l l  t a s k s  r e l a t i n g  t o  advanced s o l a r  a r r a y s  
have been t e r m i n a t e d  i n c l u d i n g  t h e  f l i g h t  exper iment  designed t o  s tudy  t h e  i n t e r a c t i o n s  o f  space plasma wi th  
h i g h  v o l t a g e  s o l a r  a r rays .  S i m i l a r l y ,  i n  t h e  p r o p u l s i o n / f l u i d  management areas, t h e  f l i g h t  exper iments  t o  
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e s t a b l i s h  c r y o g e n i c  f l u i d  t r a n s f e r  ( l i q u i d  he l ium)  t e c h n i q u e s  have been e l i m i n a t e d .  Examples o f  r educed  
t a s k s  are a two-phase t h e r m a l  c o n t r o l  f l i g h t  exper imen t  and t h e  d a t a  managment tes t  bed e n g i n e e r i n g  and 
o p e r a t i o n s  tasks. The Program Management / In teg ra t ion  area was i n c r e a s e d  due t o  h i g h e r  usage  rates of  
f a c i l i t i e s  and equipment i n  v a r i o u s  l a b o r a t o r i e s ,  s u c h  as t h e  crew systems l a b ,  t h e  structures l a b ,  and t h e  
a n t e n n a  test r a n g e ,  a s  well as i n c r e a s e d  e f f o r t s  i n  documenta t ion  and c o n f i g u r a t i o n  management s u p p o r t .  
R e d u c t i o n s  i n  O p e r a t i o n a l  R e a d i n e s s  were a c h i e v e d  by r e d u c i n g  or  e l i m i n a t i n g  p a r a l l e l  e f f o r t s  between 
c e n t e r s  and by d e f e r r i n g  some t a s k s  i n t o  FY 1987. Paral le l  m a i n t a i n a b i l i t y  p l a n  t a s k s  were e l i m i n a t e d  and 
f a c i l i t i e s / g r o u n d  systems t a s k s  d e f e r r e d  i n t o  FY 1987. I n  t h e  System D e f i n i t i o n  work, t h e  r e d u c t i o n  
r e s u l t e d  i n  d e l a y s  o f  p o r t i o n s  o f  t h e  d e f i n i t i o n  and p r e l i m i n a r y  d e s i g n  c o n t r a c t  d e l i v e r a b l e  p r o d u c t s  and 
s t u d i e s  i n t o  FY 1987. 

BASIS OF FY 1987 ESTIMATE 

T h i s  estimate p r o v i d e s  f o r  t h e  i n i t i a t i o n  o f  development e f f o r t s  as  well as comple t ion  o f  t h e  d e f i n i t i o n  
work, i n c l u d i n g  t h e  t echno logy  a s s e s s m e n t s ,  and t h e  e i g h t  c o n t r a c t e d  s t u d i e s  begun i n  A p r i l  1985. 

U t i l i z a t i o n  -- To e n s u r e  r e s p o n s i v e n e s s  t o  t h e  n a t i o n a l  and i n t e r n a t i o n a l  user community, cus tomer  
advocacy g roups  e s t a b l i s h e d  early i n  t h e  program w i l l  c o n t i n u e  t o  work w i t h  users t o  f u r t h e r  d e f i n e  t h e i r  
r e q u i r e m e n t s  i n  t h e  areas o f  s c i e n c e  and a p p l i c a t i o n s ,  c o m m e r c i a l i z a t i o n ,  and t echno logy  development.  Othe r  
u s e r  r e q u i r e m e n t s  t o  be  d e f i n e d  are: on-board accommodations; s u p p o r t  f o r  assembly,  s t a g i n g  and s e r v i c i n g  
s p a c e c r a f t ;  and m a i n t a i n e n c e  o r  m o d i f i c a t i o n  o f  equipment.  The d e f i n i t i o n  o f  c o n s i s t e n t  and user f r i e n d l y  
i n t e r f a c e s  is a key  a c t i v i t y  i n  FY 1987. I n t e r f a c e  work w i l l  i n c l u d e  t h e  d e f i n i t i o n  o f  access p r o c e d u r e s  
f o r  a r r a n g i n g  f o r  services, provisioning/replenishment r e q u i r e m e n t s ,  and t h e  methods f o r  retrieval and 
p r o t e c t i o n  o f  p r o d u c t s ,  and/or  d a t a  o f  b o t h  a sc ient i f ic  and t e c h n i c a l  n a t u r e .  D e f i n i t i o n  o f  t h e  user 
o p e r a t i o n a l  r e q u i r e m e n t s  w i l l  a l s o  b e  a f o c u s  o f  t h e  U t i l i z a t i o n  program. 

Advanced Development -- T h i s  a c t i v i t y  p r o v i d e s  f o r  t h e  c o n t i n u i n g  development  o f  advanced t e c h n o l o g y  
o p t i o n s  t h a t  are r e l i a b l e  and c o s t  e f f e c t i v e  and w i l l  e n s u r e  t h a t  t h e  i n i t i a l  Space  S t a t i o n  c o n f i g u r a t i o n  
i n c o r p o r a t e s  p r o v i s i o n s  f o r  growth. Examples o f  key t e c h n o l o g i e s  on which work w i l l  c o n t i n u e  i n  FY 1987 
i n c l u d e :  s o l a r  dynamic power g e n e r a t i o n  and ene rgy  s t o r a g e ;  r e g e n e r a t i v e  l i f e  s u p p o r t  system; food /hyg iene  
t echno logy ;  madmach ine  i n t e r f a c e s  and work i n t e g r a t i o n ;  two-phase t h e r m a l  bus  and two-phased f l u i d  systems, 
material tests ,  and dynamic tests o f  r e p r e s e n t a t i v e  s t r u c t u r a l  elements. T h i s  e f f o r t  is b e i n g  conduc ted  t o  
v a l i d a t e  t h e  o p e r a t i o n  o f  s e l e c t e d  t e c h n o l o g y  o p t i o n s  i n  t h e  environment  t o  which t h e y  w i l l  be exposed when 
i n c o r p o r a t e d  i n  t h e  Space  S t a t i o n .  

Automation and r o b o t i c s  t echno logy  is a p p l i e d  t h r o u g h o u t  t h e  advanced development  e f f o r t .  The l i m i t e d  
crew s ize  i n  t h e  i n i t i a l  s t a t i o n  d i c t a t e s  a development  s c e n a r i o  t h a t  w i l l  result i n  maximum autonomy from 
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t h e  ground and a h i g h  l e v e l  o f  au toma t i on  and r o b o t i c  a c t i v i t i e s .  I n  FY 1986, Congress d i r e c t e d  NASA t o  
under take  an au tomat ion  and r o b o t i c  e f f o r t  t h a t  w i l l  be con t i nued  i n  FY 1987. 

Program Management / In tegra t ion  -- This e f f o r t  p r o v i d e s  f o r  t h e  management and i n t e g r a t i o n  o f  a l l  e lements 
o f  t h e  Space S t a t i o n  program i n c l u d i n g  t h e  input f rom i n t e r n a t i o n a l  p a r t i c i p a n t s .  The major  components o f  
t h i s  a c t i v i t y  a r e  t h e  systems e n g i n e e r i n g  and i n t e g r a t i o n  (SEA11 e f f o r t ,  t h e  T e c h n i c a l  and Management 
I n f o r m a t i o n  System ( T M I S )  , and program s u p p o r t  a c t i v i t i e s .  

The SEA1 e f f o r t  i n c l u d e s  the  systems e n g i n e e r i n g  and a n a l y s i s  o f  t e c h n i c a l  r equ i remen ts  and a l t e r n a t i v e s ;  
t h e  d e f i n i t i o n  and i n t e g r a t i o n  o f  a l l  e lements t h a t  compr ise t h e  program; and t h e  development o f  t h e  master  
d a t a  base and t h e  e n g i n e e r i n g  master  schedules. T M I S  w i l l  be an i n t e g r a t e d  system o f  hardware, so f twa re ,  
and procedures  t o  c o l l e c t ,  o rgan ize ,  and d i s t r i b u t e  e n g i n e e r i n g  and management d a t a  among NASA cen te rs ,  
c o n t r a c t o r s  and i n t e r n a t i o n a l  p a r t n e r s .  The program suppo r t  a c t i v i t i e s  p r o v i d e  management, t e c h n i c a l ,  and 
i n s t i t u t i o n a l  s u p p o r t  f rom t h e  i n d i v i d u a l  c e n t e r s  necessary t o  s u s t a i n  t h e  development a c t i v i t i e s  o f  t h e  
Space S t a t i o n .  

ODera t i ona l  Readiness -- 
requ i rements ,  and p r e l i m i n a  
management, space systems 

The d e f i n i t i o n  e f f o r t  f o r  o p e r a t i o n s  i n c l u d e s  t h e  development o f  p l a n s ,  
r y  des igns  f o r  t h e  ma jo r  o p e r a t i o n a l  s u p p o r t  systems o f  i n t e g r a t e d  l o g i s t i c s  
ope ra t i ons ,  l a u n c h / r e t u r n  o p e r a t i o n s ,  and use r  ope ra t i ons .  I n t e r n a t i o n a l  

i nvo l vemen t  and o p e r a t i o n a l  r o l e s  and m i s s i o n s  w i l l  be assessed. The o b j e c t i v e  o f  a l l  these a c t i v i t i e s  i s  
t o  i n s u r e  t h e  t o t a l  o p e r a t i o n a l  r e a d i n e s s  o f  t h e  Space S t a t i o n  system, i n c l u d i n g  p l a t f o r m s  and ground 
suppo r t  elements, i n  o r d e r  t o  conduct  a v a r i e t y  o f  s c i e n t i f i c ,  t e c h n o l o g i c a l  and commerc ia l  m iss ions .  

System D e f i n i t i o n  -- E i g h t  system d e f i n i t i o n  c o n t r a c t s  were i n i t i a t e d  within f o u r  sepa ra te  work packages 
i n  A p r i l  1985 f o r  t h e  i n i t i a l  d e f i n i t i o n  and p r e l i m i n a r y  des ign  o f  t h e  Space S t a t i o n  and i t s  e v o l u t i o n .  
Comple t ion  i s  scheduled f o r  e a r l y  FY 1987. I n  a d d i t i o n  t o  permanent ly  manned f e a t u r e s ,  t h e  c o n t r a c t o r s  a r e  
a l s o  s t u d y i n g  a man-tended approach which phases i n t o  a permanent ly  manned c a p a b i l i t y .  The c o n t r a c t o r s  a r e  
a l s o  s u p p o r t i n g  t h e  NASA SE&I  a c t i v i t y  by d e f i n i n g  t h e  c o n f i g u r a t i o n s ,  i n t e r f a c e s ,  and f u n c t i o n a l  
r equ i remen ts  o f  i n d i v i d u a l  system elements. 

Development -- The development phase i n c l u d e s  t h e  c o n t r a c t o r  e f f o r t  work packages, s u p p o r t i n g  development 
a c t i v i t i e s  such as t h e  NASA SE&I, t h e  s o f t w a r e  suppo r t  env i ronment ,  and t h e  evolvement o f  o p e r a t i o n a l  
p lann ing .  Some o f  these s u p p o r t i n g  development a c t i v i t i e s  w i l l  commence e a r l y  i n  FY 19&7. The SE&I e f f o r t  
w i l l  be per fo rmed p r i m a r i l y  by c i v i l  s e r v i c e  pe rsonne l  a t  t h e  Johnson Space Center  w i th  a d d i t i o n a l  SE&I 
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s u p p o r t  p r o v i d e d  by o t h e r  NASA c e n t e r s .  SEA1 ac t iv i t i e s  w i l l  i n c l u d e  system r e q u i r e m e n t s  and a n a l y s e s ;  
i n t e r f a c e  d e s i g n  and c o n t r o l ;  and s a f e t y ,  r e l i a b i l i t y  and q u a l i t y  a s s u r a n c e  r e q u i r e m e n t s .  The e n g i n e e r i n g  
master s c h e d u l e  and o t h e r  key systems level s c h e d u l e s  w i l l  be expanded and m a i n t a i n e d ,  systems l e v e l  
assembly and check- out  l o g i c  w i l l  be  r e f i n e d ,  and systems leve l  v e r i f i c a t i o n  r e q u i r e m e n t s  and p r o c e d u r e s  
w i l l  be e s t a b l i s h e d .  The s o f t w a r e  s u p p o r t  envi ronment  ac t iv i ty  w i l l  p r o v i d e  t h e  i n f r a s t r u c t u r e  f o r  t h e  
development  o f  common a p p l i c a t i o n s  s o f t w a r e  r e q u i r e d  f o r  f l i g h t  and ground systems. Other  s u p p o r t i n g  
development ac t iv i t i e s  t o  be performed by t h e  Government wi th  c o n t r a c t o r  s u p p o r t  i n c l u d e  t h e  i n i t i a t i o n  o f  
procurement  o f  government- furnished equipment  and t h e  d e s i g n  o f  t h e  ground s u p p o r t  equipment.  The ground 
s u p p o r t  equipment  w i l l  be  r e q u i r e d  d u r i n g  t h e  p r o c e s s i n g  f low o f  t h e  Space  S t a t i o n  system f o r  system level 
i n t e g r a t i o n ,  t es t  and check- out ,  as  well as f o r  p r o c e s s i n g  and i n t e g r a t i o n  o f  pay loads .  

Work package c o n t r a c t s  f o r  t h e  development  phase  are p lanned  t o  beg in  i n c r e m e n t a l l y ,  s t a r t i n g  i n  mid- 
FY 1987.  T h i s  c o n t r a c t e d  e f f o r t ,  as c u r r e n t l y  c o n t e m p l a t e d ,  w i l l  be  d i v i d e d  i n t o  f o u r  major  c a t e g o r i e s ,  
which may be  a d j u s t e d  as a resul t  o f  t h e  d e f i n i t i o n  s t u d i e s  and/or  i n t e r n a t i o n a l  p a r t i c i p a t i o n .  P r e s e n t  
p l a n n i n g  ca l l s  f o r  one c a t e g o r y  t o  i n c l u d e  t h e  common modules,  t h e  e n v i r o n m e n t a l  c o n t r o l  and l i f e  s u p p o r t  
systems, t h e  o u t f i t t i n g  o f  l a b o r a t o r y  and l o g i s t i c s  modules,  t h e  a u x i l i a r y  p r o p u l s i o n  systems and related 
a p p l i c a t i o n s  s o f t w a r e .  A second c a t e g o r y  w i l l  c o n s i s t  o f  t h e  d i s t r i b u t e d  systems ( i n c l u d i n g  communication 
and t r a c k i n g ,  d a t a  management systems, t h e r m a l  system, mechanisms and t h e  c o n n e c t / i n t e r c o n n e c t  module) ; 
trusses and o t h e r  s t r u c t u r a l  items; t h e  g u i d a n c e ,  n a v i g a t i o n  and c o n t r o l  system; t h e  r e s o u r c e s  i n t e g r a t i o n  
and S h u t t l e  i n t e r f a c e  a n a l y s i s ;  and,  r e l a t e d  a p p l i c a t i o n s  s o f t w a r e .  The t h i r d  c a t e g o r y  i n c l u d e s  t h e  
p l a t f o r m s ,  t h e  f a c i l i t i e s  and t e c h n i q u e s  f o r  t h e  s e r v i c i n g  o f  free f lyers  and o t h e r  s p a c e  hardware ,  as well 
a s  t h e  o u t f i t t i n g  o f  l a b o r a t o r i e s  and r e l a t e d  a p p l i c a t i o n s  s o f t w a r e .  The f i n a l  c a t e g o r y  c o n s i s t s  o f  t h e  
power g e n e r a t i o n ,  power s t o r a g e ,  and power management and d i s t r i b u t i o n .  

The d e s i g n  and development o f  t h e  modules,  structures,  d i s t r i b u t e d  s u b s y s t e m s  and p l a t f o r m s  w i l l  be phased 
t o  o p t i m i z e  f a b r i c a t i o n ,  assembly and checkou t  f low times t o  s u p p o r t  an i n i t i a l  l aunch  o f  Space  S t a t i o n  
e l e m e n t s  i n  t h e  ear ly  t o  mid-1990's. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTINATES 

OFFICE ff SPACE FLIGHT SPACE TRANSPORTATION PROGRAH 

BROGRM OBJECTIVES AND JUSTIFICATION 

The p r i n c i p l e  areas o f  a c t i v i t y  i n  Space T ranspor ta t i on  C a p a b i l i t y  Development a r e  e f f o r t s  r e l a t e d  
t o  t h e  Spacelab, the Upper Stages t h a t  p l a c e  s a t e l l i t e s  i n  h i g h  a l t i t u d e  o r b i t s ,  t he  Eng ineer ing and 
Techn ica l  Base support  a t  NASA centers,  Payload Operat ions and Support Equipment, Advanced Programs 
study and e v a l u a t i o n  e f f o r t s ,  t h e  development and f i r s t  f l i g h t  o f  t h e  U n i t e d  S t a t e d I t a l i a n  Tethered 
S a t e l l i t e  System, and the development o f  t h e  O r b i t a l  Maneuvering Vehic le.  

Spacelab i s  a major element o f  t h e  Space T ranspor ta t i on  System (STS) t h a t  p rov ides  a v e r s a t i l e ,  
reusab le  l a b o r a t o r y  which i s  f l own  t o  and from E a r t h  o r b i t  i n  the  o r b i t e r  cargo bay. The development 
program which has been c a r r i e d  o u t  j o i n t l y  by NASA and t h e  European Space Agency (ESA) cont inues w i th  
the  procurement o f  hardware f o r  the  Dedicated D i s c i p l i n e  Laboratory,  t h e  H i t c h h i k e r  System, t h e  
Spacelab P a l l e t  System, the  Space Technology Experiment P l a t f o r m  and t h e  i n t i t i a l  l a y - i n  o f  spares. 
Opera t iona l  miss ions f o r  FY 19b7 i n c l u d e  a number o f  Spacelab module and Spacelab P a l l e t  System 
missions. 

Upper Stages a re  r e q u i r e d  t o  deploy payloads t o  o r b i t s  and t r a j e c t o r i e s  n o t  a t t a i n a b l e  by the  
S h u t t l e  alone. The program p rov ides  f o r  procurement o f  s tages f o r  NASA missions, f o r  t e c h n i c a l  
m o n i t o r i n g  and management a c t i v i t i e s  for  government and commercial Upper Stages, a s o l i d  r o c k e t  motor 
i n t e g r i t y  program t o  e s t a b l i s h  an eng ineer ing da ta  base f o r  s o l i d  stage components, and f o r  t h e  NASA 
share o f  t he  j o i n t  A i r  Force development e f f o r t  be ing  conducted wi th  t h e  Department o f  Defense (DOD) 
on t h e  Centaur upper stage f o r  use i n  t h e  Shu t t l e .  

The Eng ineer ing and Techn ica l  Base p rov ides  the  core  c a p a b i l i t y  f o r  t h e  engineer ing,  s c i e n t i f i c  and 
t e c h n i c a l  suppor t  r e q u i r e d  a t  t he  Johnson Space Center (JSC), t h e  Kennedy Space Center (KSC), t h e  
M a r s h a l l  Space F l i g h t  Center (MSFC) , and t h e  N a t i o n a l  Space Technology Labora to r ies  (NSTL) f o r  
research and development a c t i v i t i e s .  

Payload Operat ions and Support Equipment p rov ides  f o r  developing and p l a c i n g  i n t o  o p e r a t i o n a l  s t a t u s  
the  ground and f l i g h t  systems necessary t o  suppor t  t h e  STS payloads d u r i n g  pre- launch processing,  on- 
o r b i t  m iss ion  opera t ions  and, when appropr ia te ,  post- land ing processing. Inc luded  wi th in  t h i s  program 
area a re  the  STS support  s e r v i c e s  f o r  NASA payloads, s a t e l l i t e  s e r v i c i n g  t o o l s  and techniques 
development, f l i g h t  demonstrat ions and mu l t i- miss ion  payload suppor t  equipment. 
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The Advanced Programs e f f o r t  i d e n t i f i e s  p o t e n t i a l  f u t u r e  space i n i t i a t i v e s  and prov ides  t e c h n i c a l  as 
w e l l  as programmatic da ta  f o r  t h e i r  d e f i n i t i o n  and eva lua t ion .  A c t i v i t y  i s  focused on s i x  major 
areas: advanced missions, s a t e l l i t e  serv ices ,  spacecra f t  systems, advanced t r a n s p o r t a t i o n  systems, 
crew systems, and gener ic  space system c a p a b i l i t i e s .  Advanced development a c t i v i t i e s  a re  conducted t o  
p rov ide  a b a s i s  f o r  ob ta in ing  s i g n i f i c a n t  performance and r e l i a b i l i t y  improvements and reducing f u t u r e  
program r i s k s  and development cos t s  through the  e f f e c t i v e  use o f  new technology. 

The Tethered S a t e l l i t e  System (TSS) ,  a j o i n t  I t a l i a n / U n i t e d  Sta tes  development e f f o r t ,  w i l l  p rov ide  
a new c a p a b i l i t y  f o r  conduct ing space sxper iments i n  reg ions  remote from the  S h u t t l e  o r b i t e r .  The 
o b j e c t i v e s  o f  the i n i t i a l  TSS miss ion  planned f o r  1988 are  twofo ld:  (1) t o  v e r i f y  the  c o n t r o l l e d  
deployment, operat ion,  and r e t r i e v a l  o f  the  TSS, and (2) t o  q u a n t i f y  the  i n t e r a c t i o n  between t h e  
s a t e l l i t e / t e t h e r  and space plasma i n  t he  presence o f  a c u r r e n t  drawn th rough the  t e t h e r .  

The development o f  the  O r b i t a l  Maneuvering Vehic le,  t o  be i n i t i a t e d  i n  1986, w i l l  p rov ide  a 
c a p a b i l i t y  f o r  payload d e l i v e r y ,  r e t r i e v a l ,  and s e r v i c i n g  beyond t h a t  c u r r e n t l y  a v a i l a b l e  i n  the  STS. 

OBJECTIVES AND STATUS - - - _ _ _ - ~  

The f i r s t  ope ra t i ona l  Spacelab f l i g h t  (SL-3) and the second development f l i g h t  (SL-2) were 
s u c c e s s f u l l y  f lown d u r i n g  FY 1985. With the  d e l i v e r y  o f  t he  ins t rument  p o i n t i n g  system i n  t he  f o u r t h  
qua r te r  o f  FY 1385, t he  d e l i v e r y  o f  t he  major p o r t i o n  o f  the f o l l o w  on procurement Spacelab hardware 
was completed. A d d i t i o n a l  hardware f o r  the Dedicated D i s c i p l i n e  Labora tory  (DDL) f l i g h t s ,  t h e  
Spacelab P a l l e t  System (SPS), t he  Space Technology Experiment P l a t f o r m  (STEP),and the  H i t c h h i k e r  
system i s  be ing  procured. 

The major miss ions o f  the  Spacelab system du r i ng  FY 19d6 w i l l  demonstrate i t s  va r i ed  c a p a b i l i t i e s .  
The f i r s t  re imbursable f l i g h t ,  Deutschland-1 (3-11, was f lown d u r i n g  t he  f i r s t  qua r te r  o f  FY 1586. 
Astro-1, an as t ronomica l  observa t ion  of H a l l e y ' s  comet, and an Ea r th  Obssrvatory Wission (EOC1-1/2), a 
miss ion  f l y i n g  seve ra l  experiments p r e v i o u s l y  f lown on SL-1 w i l l  be f l own  du r i ng  FY 1986. Also, t h e  
i n i t i a l  f l i g h t s  o f  the Goddard and Marsha l l  H i t c h h i k e r s  w i l l  be i n  FY 1986. 

I n  Upper Stages, a j o i n t  devzlopment program wi th  the i3OD was i n i t i a t e d  i n  FY 1983 f o r  the  use o f  
t he  Centaur as an STS uppar stage. The common veh ix le ,  designated Centaur-;, accommodates a 40 f o o t  
long, approximately  l (3 ,OUO pound payload i n  the o r b i t e r  payload bay, and i s  capable o f  p l a c i n g  i t  i n t o  
geosynchronous o r b i t .  A longer  ve rs ion  o f  the Centaur-G, known as G Prime, i s  being developed by VASA 
for launch of the G a l i l e o  and Ulysses spacecra f t  i n  mid-1986. The G Prime i s  approximately  1 U  f e e t  
longer  than the G Veh ic le  and i s  capable o f  p l a c i n g  a 14,560 pound payload i n t o  geosynchronous o r b i t  
from the  o r b i t e r .  Two Centaur-G Prime v e h i c l e s  a re  c u r r e n t l y  under procurement f o r  the  G a l i l e o  and 
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Ulysses missions. Procurement has been i n i t i a t e d  f o r  one Centaur-G v e h i c l e  t o  support  t he  Magel lan 
m iss ion  ( f o r m e r l y  known as the  Venus Radar Mapper miss ion)  i n  1988. 

The commercia l ly  developed Payload Assist Modules (PAM p rov ide  low c o s t  t r a n s p o r t a t i o n ,  p r i n c i p a l l y  
f o r  commercial spacecra f t ,  from the  S h u t t l e ' s  low E a r t h  o r b i t .  The D e l t a  c l a s s  PAM-D i s  capable o f  
i n j e c t i n g  up t o  2,751, pound payloads i n t o  geosynchronous t r a n s f e r  o r b i t .  The PAM-DII  w i l l  be capable 
o f  p l a c i n g  a 4,100 pound payload i n t o  geosynchronous t r a n s f e r  o r b i t  and was used f o r  t h e  f i r s t  t ime  i n  
launch ing an RCA payload f o r  STS 616 i n  November 1965. The Atlas-Centaur c l a s s  PAM-A i s  capable o f  
i n s e r t i n g  4,4UO pound payloads i n t o  the  same o r b i t  and was sys tem- qual i f ied  i n  l a t e  1984. Four t y  PAM- 
D ' s  have been s u c c e s s f u l l y  launched on the  De l ta ,  A t l as ,  and Space Shu t t l e .  There have been 20 
consecut ive successfu l  PAM-D miss ions as o f  January 1986. 

The I n e r t i a l  Upper Stage (IUS) was developed under a DOD c o n t r a c t  t o  p r o v i d e  t h e  c a p a b i l i t y  t o  p lace  
payloads o f  up t o  5,OOb pounds i n t o  geosynchronous o r b i t .  TDRS-2, which i s  the  nex t  NASA use of an 
IUS,  i s  scheduled f o r  launch i n  e a r l y  1986. 

The Transfer  O r b i t a l  Stage (10.5) i s  a th ree- ax is  s t a b i l i z e d  pe r igee  s tage t h a t  i s  be ing commercia l ly  
developed by the  O r b i t a l  Sciences Corpora t ion  f o r  use i n  t h e  Shut t le .  I t  w i l l  have the  c a p a b i l i t y  of 
p l a c i n g  6,UUU t o  13,UOO pounds i n t o  geosynchronous t r a n s f e r  o r b i t  and thus b r idges  the  gap between 
PAM- DII  and Centaur. The scheduled launch a v a i l a b i l i t y  i s  e a r l y  1987. 

The Apogee Maneuvering Stage (AMs) i s  a th ree- ax is  s t a b i l i z e d  l i q u i d  p r o p e l l a n t  apogee stage which 
i s  a l s o  be ing commercial ly developed by O r b i t a l  Sciences Corpora t ion  f o r  use i n  t h e  Shu t t l e .  I t  w i l l  
have the  c a p a b i l i t y  t o  p lace  5,2OU pound payloads i n t o  geosynchronous t r a n s f e r  o r b i t s  when used alone 
or  6,500 pounds i n t o  geosynchronous o r b i t  when combined wi th  a TOS. Pro jec ted  a v a i l a b i l i t y  i s  l a t e  
1987. 

I n  Payload Operat ions and Support Equipment, payload i n t e g r a t i o n  suppor t  and pay load- re la ted 
hardware are  developed and fu rn i shed  f o r  NASA payloads. Mu l t i- miss ion  payload support  equipment i s  
developed and procur red i n c l u d i n g  i n i t i a l  spares f o r  cargo i n t e g r a t i o n  t e s t  equipment, f i b e r  o p t i c  
c a b l i n g  and equipment f o r  communication l i n k s  between the  payload proces ing f a c i l i t i e s  and standard 
s e t s  o f  w i r e  harnesses fo r  i n t e r c o n n e c t i o n  o f  mixed cargoes i n  the  payload bay. 

The Advanced Programs e f f o r t  i s  focused on s i x  major areas--advanced misions, s a t e l l i t e  serv ices ,  
spacec ra f t  system, advanced t r a n s p o r t a t i o n  systems, crew systems, and gener ic  space system 
c a p a b i l i t i e s .  Advanced p lann ing  and a n a l y s i s  e f f o r t s  w i l l  i n c r e a s i n g l y  be focused on l o n g  range 
manned m iss ion  op t ions  i n  and beyond E a r t h  o r b i t .  S a t e l l i t e  s e r v i c i n g  systems w i l l  cont inue 
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d e f i n i t i o n  and advanced development work i n  remote and p r o x i m i t y  operat ions.  Continued e f f o r t s  w i l l  
be made i n  the  areas of p l a t f o r m  systems and s e r v i c i n g  and advanced t e t h e r  app l i ca t i ons .  Advanced 
t r a n s p o r t a t i o n  concepts w i l l  be s tud ied,  i n c l u d i n g  o r b i t  t r a n s f e r  v e h i c l e s  (OTV Is), p r o p e l l a n t  
management, advanced launch veh ic les ,  and advanced STS a n a l y t i c a l  t o o l s .  Systems suppor t i ng  human 
presence i n  space as w e l l  as gener ic  work i n  space s t ruc tu res ,  o r b i t a l  d e b r i s  management and 
r e t r i e v a l ,  and a r t i f i c i a l  i n t e l l i g e n c e  a p p l i c a t i o n s  w i l l  be i nves t iga ted .  

The Tethered S a t e l l i t e  System (TSS) hardware development was i n i t i a t e d  i n  FY 1984 f o l l o w i n g  the  
complet ion o f  an advanced development phase i n i t i a t e d  i n  FY 19113. Systems d e f i n i t i o n  s t u d i e s  were 
completed i n  FY 1985. Comprehensive design and requirements v a l i d a t i o n ;  procurement o f  l o n g  l e a d  
t ime f l i g h t  hardware elements and t o o l i n g ;  systems development and i n t e g r a t i o n ,  and deployer 
manufactur ing and i n t e g r a t i o n  w i l l  cont inue through FY 1987. The I t a l i a n s  s t a r t e d  s a t e l l i t e  and core  
equipment development i n  FY 1984, and a cooperat ive  f i r s t  f l i g h t  i s  p r e s e n t l y  scheduled f o r  1988. 

The O r b i t a l  Maneuvering Veh ic le  (OMV) completed e a r l y  study and f e a s i b i l i t y  e f f o r t s  i n  FY 1985 and 
i s  progress ing toward c o n t r a c t o r  s e l e c t i o n  f o r  f u l l - s c a l e  hardware development by t h e  midd le  o f  
B86. The OMV w i l l  be a reusable, remotely operated p r o p u l s i v e  v e h i c l e  w i th  the  c a p a b i l t y  t o  d e l i v e r ,  
r e t r i e v e  -and s e r v i c e  payloads and spacec ra f t  deployed a t  a wide range o f  a l t i t u d e s  and i n c l i n a t i o n s .  
Based on c u r r e n t  p lanning,  t h i s  c a p a b i l i t y  w i l l  be a v a i l a b l e  f o r  use with the  STS i n  1991. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

SPACELAB 

1986 1987 
1985 Budget Cur ren t  Budget 

A c t u a l  Est imate Es t imate  Est imate 
(Thousands o f  Dollars) 

Development.... ....................... 19,ZUU 16,000 19,300 14,700 
Operations. ........................... 36,50U 80,700 73,600 75,000 

 total..................^^....^^^^^.. 55,700 96,700 92,900 89,700 

OBJECTIVES AND STATUS 

The Spacelab i s  a v e r s a t i l e  f a c i l i t y  designed f o r  i n s t a l l a t i o n  i n  the  cargo bay o f  the  o r b i t e r  which 
a f f o r d s  s c i e n t i s t s  t he  oppo r tun i t y  t o  conduct s c i e n t i f i c  experiments i n  the  unique environment o f  space. 
The reusab le  Spacelab system a l lows f o r  the  advancement o f  s c i e n t i f i c  research by se rv ing  as bo th  an 
observatory and l a b o r a t o r y  i n  space. Ten European na t ions ,  i n c l u d i n g  n i n e  members o f  the  European Space 
Agency (€SA),  have p a r t i c i p a t e d  i n  th i s  j o i n t  development program with NASA. ESA designed, developed, 
produced, and d e l i v e r e d  the  f i r s t  Spacelab components; c o n s i s t i n g  o f  a p ressu r i zed  module and unpressur ized 
p a l l e t  segments, Ig loo ,  command and data management subsystem, envi ronmenta l  c o n t r o l  subsystem, power 
d i s t r i b u t i o n  systems, ins t rument  p o i n t i n g  subsystem (IPS), and much o f  t h e  ground suppor t  equipment and 
software f o r  bo th  f l i g h t  and ground operat ions.  

The remain ing hardware i s  i n  Spacelab's development budget, i n c l u d i n g  such major elements as the  crew 
t r a n s f e r  tunnel ,  v e r i f i c a t i o n  f l i g h t  ins t rumenta t ion ,  c e r t a i n  ground suppor t  equipment, and a t r a i n i n g  
s imu la to r .  Support so f tware  and procedures development, t e s t i n g ,  and t r a i n i n g  a c t i v i t i e s  n o t  p rov ided by 
ESA, which are requ i red  t o  demonstrate the  o p e r a t i o n a l  c a p a b i l i t y  o f  Spacelab, are a l s o  i nc luded  i n  NASA's 
funding. NASA has procured an a d d i t i o n a l  Spacelab u n i t  from ESA under terms o f  t he  ESA/NASA Memorandum o f  
Understanding and the  Intergovernment Agreement. With the  d e l i v e r y  o f  t h e  f o l l o w  on procurement (FOP) I P S  
i n  the f o u r t h  quar te r  FY 19v5, the  d e l i v e r y  o f  the  major p o r t i o n  o f  the  FOP Spacelab u n i t  was completed. 
A d d i t i o n a l  Spacelab hardware, p r i m a r i l y  f o r  Spacelab Dedicated D i s c i p l i n e  Laboratory (DDL) f l i g h t s  and t h e  
i n i t i a l  l a y - i n  o f  spare hardware, i s  be ing  procured from Europe. The establ ishment  o f  a depot maintenance 
program f o r  Un i ted  States- prov ided and European-supplied hardware w i l l  con t inue  du r i ng  FY 1986. NASA i s  
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deve lop ing two p r i n c i p a l  ve rs ions  of t he  Spacelab P a l l e t  System (SPS). One w i l l  suppor t  miss ions r e q u i r i n g  
the  i g l o o  and p a l l e t  i n  a mixed cargo c o n f i g u r a t i o n  l i k e  t h e  As t ro  ser ies ;  t he  o the r  ve rs ion  w i l l  suppor t  
miss ions t h a t  do n o t  r e q u i r e  use of the  i g l o o  such as the  Space Technology Experiment P l a t f o r m  (STEP) and 
t h e  Tethered S a t e l l i t e  System. Development o f  t he  H i t c h h i k e r  system i s  a l s o  cont inu ing.  

Spacelab's opera t ion  budget i n c l u d e s  m iss ion  planning,  m iss ion  i n t e g r a t i o n ,  and f l i g h t  and ground 
operat ions.  This inc ludes  i n t e g r a t i o n  o f  t he  f l i g h t  hardware and sof tware,  m iss ion  independent crew 
t r a i n i n g ,  system opera t ions  support ,  payload opera t ions  c o n t r o l  support,  l o g i s t i c a l  suppor t  and s u s t a i n i n g  
engineering. 

The f i r s t  Spacelab re imbursable f l i g h t ,  Deutschland-1 (D-1) , was f l o w n  d u r i n g  the  f i r s t  quar te r  o f  
FY 1986. Astro-1, an observat ion  o f  H a l l e y ' s  comet, and an E a r t h  Observatory M i s s i o n  (EOM-1/2), a m iss ion  
f l y i n g  s e v e r a l  experiments p r e v i o u s l y  f l own  on SL-1, w i l l  a l so  be f l own  d u r i n g  FY 1986. The i n i t i a l  f l i g h t s  
o f  t he  Goddard H i t c h h i k e r  (HG-1) and the  M a r s h a l l  H i t c h h i k e r  ( H M - 1 )  w i l l  be i n  FY 1986. I n  a d d i t i o n  t o  
these missions,  a n a l y t i c a l  and p h y s i c a l  i n t e g r a t i o n ,  c o n f i g u r a t i o n  management and sof tware  development f o r  
f u t u r e  f l i g h t s  w i l l  be conducted. Procurement o f  spares f o r  both  NASA-developed hardware and f o r  hardware 
developed by U.S. companies under c o n t r a c t  w i th  ESH w i l l  cont inue throughout  FY 1986. Operat ion  o f  t h e  
depot maintenance program f o r  U.S.-provided and European-supplied hardware and t h e  procurement of 
replenishment spares w i l l  cont inue i n  FY 1986. 

CHANGES FRM 1986 BUOGET ESTIMATE 

y due t o  the  procurement o f  add 
p o i n t i n g  system spares. I n  

m o d i f i c a t i o n s  planned t o  e x i s t i n g  hardware and a t r a n s f e r  o f  t he  ded ica ted cab le  

The $3.3 m i l l i o n  increase i n  development is p r i m a r i  
equipment and f l i g h t  spares, i n c l u d i n g  ins t rument  

t i o n a l  ground suppor t  
a d d i t i o n ,  t h e r e  a re  
harness from Payload 

The opera t ions  decrease o f  $7.1 m i l l i o n  i s  due t o  changes i n  the  manpower l e v e l s  r e q u i r e d  t o  Operations. 
support  the  rephased Shut t le/Spacelab mani fest .  

BASIS OF FY 1987 ESTIMATE 

Funding i n  FY 1987 i s  r e q u i r e d  f o r  the  cont inued procurement o f  i n i t i a l  l a y - i n  o f  b o t h  Un i ted  S ta tes  and 
European source spares. The es tab l ishment  o f  a depot maintenance system f o r  U.S. and European-supplied 
hardware w i l l  a l s o  cont inue d u r i n g  FY 19b7. A d d i t i o n a l l y ,  development o f  t he  STEP and procurement o f  
hardware t o  support  the  DDL w i l l  cont inue.  

Funding i s  a l s o  r e q u i r e d  f o r  the  FY 1987 Spacelab o p e r a t i o n a l  f l i g h t s ,  i n c l u d i n g  the  I n t e r n a t i o n a l  
M i c r o g r a v i t y  Lab (IML-11, fou r  H i t c h h i k e r  f l i g h t s ,  Astro-2 and 3 ,  Space and L i f e  Sciences Labora tory  SLS-1, 
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Material Sc i ence  Labora tory  mis s ion  ( 3 ,  4 ,  5 ,  6 and 71, and o t h e r  small payloads ,  a l l  t o  be flown i n  FY 
1987. FY 1987 funding  is r e q u i r e d  t o  s u p p o r t  f l i g h t s  t o  be flown i n  subsequen t  y e a r s ,  i n c l u d i n g  t h e  planned 
FY 1986 launch  of  an Ea r th  Obse rva t ion  Miss ion  (EOM-3), Sunlab-l/Dark Sky, SLS-2 and t h e  Material S c i e n c e  
Labora to ry  m i s s i o n s  ( 8 ,  9 ,  10, and 11). Two a d d i t i o n a l  r e imbursab le  m i s s i o n s  w i l l  be flown: t h e  J apanese  
Space l ab  mis s ion  (Space lab-J )  i n  FY 1988; and a West Germany miss ion  (Spacelab-D2) i n  FY 1989. The s u p p o r t  
f o r  t h e s e  m i s s i o n s  i n c l u d e s  a n a l y t i c a l  i n t e g r a t i o n ,  c o n f i g u r a t i o n  management, hardware i n t e g r a t i o n  and 
s o f t w a r e  development and i n t e g r a t i o n .  Funding is a l s o  inc luded  t o  o p e r a t e  and ma in t a in  t h e  MSFC and JSC 
Payload O p e r a t i o n s  Con t ro l  C e n t e r s  (POCC) r e q u i r e d  t o  s u p p o r t  t h e  Space l ab  man i f e s t .  Space lab  o p e r a t i o n s  
a l s o  p r o v i d e s  f o r  r ep l en i shmen t  s p a r e s ,  t h e  o p e r a t i o n  o f  t h e  depot  f o r  Uni ted  S t a t e s  and European hardware 
and s o f t w a r e ,  and s u s t a i n i n g  e n g i n e e r i n g  o f  a l l  hardware and so f tware .  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

UPPER STAGES 

1986 19b7 --- 
1985 Budget Cur ren t  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D o l l a r s )  

Development ........................... 38, lruu 5,70U 3,900 4,9UO 
Procurement and operat ions.  ........... 99 , 400 116,3UO 118,lUO 8U, 2uu 

Total............................... 137,4oci 122,uoo 122,000 85,100 

OBJECTIVES AND STATUS 

The STS upper stages a re  r e q u i r e d  t o  deploy Shut t le- launched payloads t o  o r b i t s  n o t  a t t a i n a b l e  by the  
S h u t t l e  alone. The I n e r t i a l  Upper Stage ( IUS) ,  t h e  Centaur/STS, and t h e  commercia l ly  developed Payload 
Assist Modules (PAM-A, PAM-D and PAM-DII) a re  c u r r e n t l y  a v a i l a b l e  f o r  use on the  STS. Several  o t h e r  upper 
stages now be ing  commercial ly developed, such as t h e  Transfer  Orb i t  Stage (TOS) and the  Apogee Maneuvering 
Stage (AMs) ,  w i l l  become a v a i l a b l e  f o r  use wi th  t h e  STS. 

The I U S  was developed under a DOD c o n t r a c t  t o  p rov ide  t h e  c a p a b i l i t y  t o  p lace  payloads o f  up t o  5,90U 
pounds i n t o  geosynchronous o r b i t .  The f i r s t  IUS was s u c c e s s f u l l y  launched i n  October 1982 on a T i t a n  34-D 
booster. The f i r s t  IUS/STS launch i n  A p r i l  1983 c a r r i e d  the  TDRS-1 spacecra f t .  The I U S  f a i l e d  t o  operate 
nomina l l y  d u r i n g  the  second stage boost. The I U S  anomalies were reso lved  by j o i n t  USAF/NASA ac t ion ,  and the 
DOD/NASA/Industry Anomaly I n v e s t i g a t i n g  Team determined t h a t  the  I U S  was aga in  ready f o r  f l i g h t .  The I U S  
operated nomina l l y  when deployed from STS-51C i n  January 1985. Four I U S  v e h i c l e s  have been procured by NASA 
f o r  launch o f  t h e  i n i t i a l  f ou r  Track ing and Data Relay S a t e l l i t e  System spacecra f t ;  t h e  f i r s t  t h r e e  were 
funded through t h e  TDHSS c o n t r a c t  w h i l e  t h e  f o u r t h  i s  funded under t h i s  budget element. 

NASA and DOD have entered i n t o  a j o i n t  development program f o r  a wide-body d e r i v a t i v e  o f  t he  Centaur stage 
as used i n  the  Atlas-Centaur program. The common veh ic le ,  designated Centaur-G, w i l l  accommodate a 40- foot  
long, approximately 10,000 pound payload i n  t h e  o r b i t e r  payload bay, and be capable o f  p l a c i n g  i t  i n t o  
geosynchronous o r b i t .  I t  w i l l  be a v a i l a b l e  i n  1987. A longer  and more power fu l  v e r s i o n  o f  t h e  Centaur-G, 
known as G Prime, i s  be ing developed by NASA f o r  launch o f  t he  G a l i l e o  and Ulysses spacec ra f t s  i n  mid-1986. 

RD 2-9 



Two Centaur-G Prime v e h i c l e s  a r e  c u r r e n t l y  be ing  procured f o r  the G a l i l e o  and Ulysses missions. Procurement 
was i n i t i a t e d  i n  FY 1985 f o r  one G v e h i c l e  t o  suppor t  t h e  Magel lan ( f o r m e r l y  Venus Radar Mapper) mission. 
The A i r  Force and NASA share common des ign ana development cos ts  f o r  t he  Centaur-G up t o  a $150 m i l l i o n  cap 
for  DOD p a r t i c i p a t i o n ,  as agreed t o  i n  t h e  Memorandum o f  Agreement. The A i r  Force and NASA separa te l y  
budget fo r  hardware p roduc t ion  and opera t ions  c o s t s  assoc ia ted with each agency's missions. Both NASA and 
DOD p l a n  a d d i t i o n a l  procurement o f  v e h i c l e s  a t  a l a t e r  date  t o  meet f u t u r e  requirements. The planned 
a c t i v i t i e s  f o r  Centaur i n  1987 i n c l u d e  the work r e q u i r e d  on t h e  RL-10 engine t o  p rov ide  added c a p a b i l i t y  f o r  
NASA and DOD missions. 

The o b j e c t i v e  o f  the  PAM program i s  t o  p rov ide  low cos t  t r a n s p o r t a t i o n ,  p r i n c i p a l l y  o f  commercial 
spacecra f t  from t h e  S h u t t l e ' s  low E a r t h  o r b i t  t o  geosynchronous t r a n s f e r  o r b i t .  The D e l t a  c l a s s  P A M 4  i s  
capable o f  i n j e c t i n g  up t o  2,75G pound payloads i n t o  geosynchronous t r a n s f e r  o r b i t .  The Atlas-Centaur c l a s s  
(PAM-A) i s  capable o f  i n s e r t i n g  4,400 pound payloads i n t o  t h e  same o r b i t .  PAM'S are  be ing  developed 
commercial ly, but NASA moni tors  the development and p roduc t ion  t o  assure t h a t  t he  PAM i s  t e c h n i c a l l y  
adequate and w i l l  be a v a i l a b l e  when needed. Four t y  PAM-D's have been s u c c e s s f u l l y  launched on the  De l ta ,  
A t l as ,  and S h u t t l e  as o f  January 1986. Twenty o f  these have occur red s i n c e  the  two PAM-D's f a i l e d  on STS- 
11. The PAM-DII was developed commercia l ly  and i s  capable o f  i n j e c t i n g  4,100 pound payloads i n t o  
geosynchronous t r a n s f e r  o r b i t .  I t s  f i r s t  mission,  on STS-616 i n  November 1985, deployed an RCA s a t e l l i t e .  

TOS i s  a th ree- ax is  s t a b i l i z e d  per igee stage t h a t  i s  be ing  developed commercia l ly  by the  O r b i t a l  Sciences 
Corpora t ion  f o r  use wi th the  Shut t le .  I t  w i l l  have the  c a p a b i l i t y  t o  p l a c e  6,OOU t o  13,000 pounds i n t o  
geosynchronous t r a n s f e r  o r b i t ,  and thus b r i d g e  t h e  gap between PAM-DII and Centaur. The scheduled launch 
a v a i l a b i l i t y  i s  e a r l y  1987. A TOS-class v e h i c l e  i s  base l i ned  f o r  the  Mars Observer m iss ion  i n  1990. The 
Apogee Maneuvering Stage (AMs) i s  a th ree- ax is  s t a b i l i z e d  l i q u i d  p r o p e l l a n t  apogee stage t h a t  i s  be ing  
developed commercia l ly  a l s o  by the  O r b i t a l  Sciences Corpora t ion  fo r  use with t h e  Shu t t l e .  I t  w i l l  have the  
c a p a b i l i t y  t o  p l a c e  a 5200 pound payload i n t o  geosynchronous t r a n s f e r  o r b i t  when used alone o r  6500 pounds 
i n t o  geosynchronous o r b i t  when combined wi th  TOS. P ro jec ted  a v a i l a b i l i t y  i s  l a t e  1987. 

The s o l i d  r o c k e t  motor i n t e g r i t y  program was i n i t i a t e d  d u r i n g  FY 1984, f o l l o w i n g  the  PAM f a i l u r e s  on 
STS-11, t o  e s t a b l i s h  an u r g e n t l y  needed eng ineer ing data  base f o r  use o f  composite m a t e r i a l s  i n  upper stage 
motor nozzles, t o  minimize r i s k  t o  planned miss ions and t o  r e s t o r e  user conf idence i n  U.S. launch systems. 
P h y s i c a l  and mechanical p r o p e r t i e s  o f  s e l e c t e d  components a re  c u r r e n t l y  be ing examined and means o f  
i ns t rumen t ing  manufactur ing processes and t h e i r  impact  on m a t e r i a l  p r o p e r t i e s  are  be ing  developed. Motor  
t e s t i n g  w i l l  be conducted t o  v e r i f y  analyses and c rea te  an eng ineer ing data  base. 
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CHANGES FRW FY 1986 BUDGET ESTIMATE 

The development d e c r e a s e  o f  $1.8 m i l l i o n  is due t o  a r e s t r u c t u r i n g  o f  t h e  HL-10 program. P r o d u c t i o n  h a s  
i n c r e a s e d  $1.8 m i l l i o n  r e f l e c t i n g  Centaur  c o s t  i n c r e a s e s  o f  $4.3 m i l l i o n  o f f s e t  b y  minor PAM and IUS 
d e c r e a s e s .  

BASIS OF FY 1987 ESTIMATE 

The FY 1987 development funds  are r e q u i r e d  t o  complete  t h e  RL-10 eng ine  improvement program i n  o r d e r  t o  
p rov ide  i n c r e a s e d  c a p a b i l i t y  f o r  NASA and DOD miss ions .  Also, t e c h n i c a l  moni to r ing  o f  t h e  TOS upper s t a g e  
w i l l  be con t inued .  P roduc t ion  and o p e r a t i o n s  funds  i n  FY 1987 are r e q u i r e d  t o  c o n t i n u e  p r o d u c t i o n  o f  one 
Centaur-G v e h i c l e  t o  s u p p o r t  t h e  Magel lan  ( f o r m e r l y  Venus Radar Mapper) miss ion  schedu led  f o r  l aunch  i n  1988 
and upper s t a g e s  f o r  t h e  Mars Observer ,  TDRS-5 and TDRS-6. Veh ic le  s e l e c t i o n s  are c u r r e n t l y  i n  t h e  s o u r c e  
e v a l u a t i o n  p r o c e s s  f o r  upper s t a g e  v e h i c l e s  f o r  TORS-5, TDRS-6, and t h e  Mars Observer.  Moni to r ing  o f  t h e  
PAM-0, PAM-DII and TOS programs w i l l  con t inue .  Funds are a l s o  r e q u i r e d  t o  s u p p o r t  c o n t i n u a t i o n  o f  t h e  s o l i d  
r o c k e t  motor i n t e g r i t y  program. Funding starts i n  FY 1587 on two upper s t a g e s ,  one PAM-D class  and one M I S  
class, f o r  t h e  ESA and Japanese  S o l a r  Terrestial P h y s i c s  s p a c e c r a f t s .  
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&%Sf% ~ W FY 1986 -- FUNDING REQUIREMENT 

ENGINEERING AND TECHNICAL BASE 

1Y86 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D o l l a r s )  

Research and t e s t  support...... ....... 47 , 500 50 , 300 44 , 500 52 , 600 
Data systems and f l i g h t  support....... 16 , 2UO 17 , 1100 19 , 000 14 , l U I ,  
Operat ions support.................... 38 , 9uu 39 , 300 42 , 500 4&, 700 
Launch systems support..........v..... 3 , 1110 3,100 3 , 700 4 , 500 

109 700 109,700 119,900 Total............................... 105,700 2- 

OBJECTIVES AND STATUS 

The Eng ineer ing and Techn ica l  Base (ETB) p rov ides  the  core  c a p a b i l i t y  r e q u i r e d  t o  s u s t a i n  an eng ineer ing 
and development base f o r  va r ious  NASA programs a t  t h e  manned space f l i g h t  centers. A d d i t i o n a l  cen te r  
program support  requirements above the  core  l e v e l  a re  funded by the  b e n e f i t t i n g  programs, such as S h u t t l e  
Operat ions and S h u t t l e  Product ion  and C a p a b i l i t y  Development. The cen te rs  i n v o l v e d  are  t h e  Johnson Space 
Center (JSC),  t he  Kennedy Space Center (KSC),  t he  M a r s h a l l  Space F l i g h t  Center (MSFC), and the  N a t i o n a l  
Space Technology Labora to r ies  (NSTL).  

The core  l e v e l  o f  support  v a r i e s  from cen te r  t o  cen te r  due t o  programmatic and i n s t i t u t i o n a l  
d i f f e rences .  A t  JSC, t h e  core  l e v e l  requirement i s  t h a t  one s h i f t  o f  opera t ions  be main ta ined i n  t h e  
eng ineer ing and development l a b o r a t o r i e s ,  t h e  White Sands Test F a c i l i t y ,  and r e l i a b i l i t y  and q u a l i t y  
assurance areas. The core  l e v e l  f o r  t h e  c e n t r a l  computer complex i s  e s t a b l i s h e d  as a t w o- s h i f t  opera t ion .  
The fund ing f o r  center  opera t ions  base support  i s  s p l i t  between t h e  ETB and S h u t t l e  Operat ions budget 
elements i n  accordance with the p r i n c i p l e  t h a t  ETB w i l l  p rov ide  the  core  l e v e l  and the  b e n e f i t t i n g  program 
i s  respons ib le  f o r  funding a d d i t i o n a l  suppor t  requirements. A t  KSC, due t o  i t s  o p e r a t i o n a l  charac ter ,  t h e  
core l e v e l  p rov ides  f o r  f u t u r e  s t u d i e s  and ground systems research and development. ET6 funds a t  MSFC 
p rov ide  f o r  mul t i- program support  a c t i v i t i e s ,  i n c l u d i n g  t e c h n i c a l  l a b s  and f a c i l i t i e s ,  computa t iona l  and 
communications serv ices ,  and a t  NSTL f o r  f a c i l i t i e s  opera t ions ,  i n c l u d i n g  s e c u r i t y .  
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CHANGES FRW FY 1986 BUDGET ESTIMATE 

The t o t a l  fund ing f o r  ETB has n o t  changed i n  FY 19ki6. Reductions have been p o s s i b l e  i n  research and t e s t  
suppor t  by d e f e r r i n g  equipment a c q u i s i t i o n s  and by r e a l l o c a t i o n s  between in-house l a b o r a t o r i e s .  Data 
systems and f l i g h t  support  has increased t o  p rov ide  f o r  a d d i t i o n a l  communications and computat ional  
support.  Operat ions support  has increased t o  enhance base eng ineer ing and l o g i s t i c s  a c t i v i t i e s  support.  
Launch systems support  i n c l u d e s  a d d i t i o n a l  development o f  b e n e f i c i a l  a p p l i c a t i o n s  o f  new technology t o  s o l v e  
o p e r a t i o n a l  problems. 

-- BASIS OF FY 1987 ESTIMATE 

The requested fund ing f o r  the  ETB i n  FY 1987 p rov ides  f o r  a c o n t i n u a t i o n  o f  t he  FY 1986 l e v e l  o f  support  
f o r  i n s t i t u t i o n a l  research and development f a c i l i t i e s  and s e r v i c e s  a t  t h e  centers.  The increase i n  FY 1987 
budget a u t h o r i t y  requirements over FY 1986 r e f l e c t s  increased r a t e s  a t  t h e  c o n t r a c t o r  workforce. 

I n  research and t e s t  support,  e f f o r t  w i l l  be cont inued on the  p r o v i s i o n  f o r  increased c a p a b i l i t i e s  a t  HSFC 
f o r  eng ineer ing and science p r o j e c t s  enabled by a c q u i s i t i o n  o f  a Class V I  computer system. This c a p a b i l i t y  
i s  r e q u i r e d  f o r  the  s o l u t i o n  o f  more complex main engine three- dimensional  dynamics modeling problems and 
f o r  complex s t r u c t u r a l  analyses. Present  suppor t i ng  a c t i v i t i e s  a t  MSFC w i l l  be cont inued du r ing  FY 1986. 
A t  JSC, t h e  requested fund ing w i l l  p rov ide  f o r  a f ive-day, one- sh i f t  ope ra t ion  f o r  t he  sa fe ty ,  r e l i a b i l i t y  
and q u a l i t y  assurance a c t i v i t i e s  and f o r  the  eng ineer ing and development l a b o r a t o r i e s ,  such as t h e  
E l e c t r o n i c  Systems Test  Labora tory  and t h e  Thermal Test Area. 

Data systems and f l i g h t  support  p rov ide  a min imal  core l e v e l  o f  suppor t  based on a f ive- day, t w o- s h i f t  
ope ra t ion  of t he  c e n t r a l  computer complex a t  JSC. 

Operat ions suppor t  funding p rov ides  f o r  the  maintenance o f  t e c h n i c a l  f a c i l i t i e s  and equipment, chemical  
c leaning,  eng ineer ing design, t e c h n i c a l  documentation and ana lys is ,  telecommunications, component 
f a b r i c a t i o n ,  photographic support,  and l o g i s t i c s  support.  Examples o f  s p e c i f i c  se rv i ces  t o  be p rov ided  i n  
FY 1987 inc lude:  (1) opera t ion  and maintenance o f  s p e c i a l i z e d  e l e c t r i c a l  and cryogen ic  systems, and 
maintenance o f  t e s t  area cranes; ( 2 )  opera t ion  o f  shops t o  do meta l  r e f u r b i s h i n g ,  anodizing, p l a t i n g ,  
s t r i p p i n g ,  and e t c h i n g  o f  se lec ted  i t ems  o f  in-house hardware; ( 3 )  engineer ing,  i n s t a l l a t i o n ,  operat ion,  and 
maintenance o f  c losed c i r c u i t  f i x e d  and mobi le  t e l e v i s i o n  r e q u i r e d  f o r  the  support  and s u r v e i l l a n c e  o f  
t e s t s ;  (4)  photographic serv ices ,  i n c l u d i n g  s t i l l  and mot ion p i c t u r e  processing,  and aud io- v isua l  m iss ion  
support ;  (5)  f a b r i c a t i o n  o f  models, breadboards, and se lec ted  i t ems  o f  f l i g h t  hardware; ( 6 )  t e c h n i c a l  
documentation serv ices ,  telecommunications, and graphics; (7)  t e c h n i c a l  se rv i ces  i n  suppor t  o f  cen te r  
opera t ions  i n c l u d i n g  r e c e i p t ,  storage, and i ssue  o f  research and development supp l i es  and equipment and 
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t r a n s p o r t a t i o n  serv ices ;  and (8 )  management s e r v i c e s  i n  suppor t  o f  cen te r  operat ions,  i n c l u d i n g  data  
management, m ic ro f i lm ing ,  and p r e p a r a t i o n  o f  t e c h n i c a l  documentation. I n  a d d i t i o n ,  FY 1987 funds w i l l  
p rov ide  the  bas ic  l e v e l  of i n s t i t u t i o n a l  suppor t  a t  NSTL f o r  c o n t i n u i n g  main engine t e s t i n g  a c t i v i t i e s .  

I n  launch systems support,  funds a re  r e q u i r e d  t o  cont inue work i n  t h e  development o f  b e n e f i c i a l  
a p p l i c a t i o n  o f  new technology t o  the  s o l u t i o n  o f  o p e r a t i o n a l  problems and development o f  improved 
o p e r a t i o n a l  c a p a b i l i t i e s  for  launch s i t e  hardware, ground process ing and suppor t  systems. 
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BASIS OF FY 1987 FUNDING REWIREMENT 

PAYLOAD OPERATIONS AND SUPPORT EQUlPMENT 

1986 1Vb7 
1985 Budget Cur rent  Budqet 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D m  

Payload operations.... ................ 41,600 53,400 54,600 66,900 
Payload support  equipment........ ..... 14,700 1 U  ,500 9,300 5,700 

Total............................... 56,30U 63,900 63,9UU 72,60U 

OBJECTIVES AND STATUS 

The Payload Operat ions and Support Equipment o b j e c t i v e s  are  t o  c e n t r a l i z e  the  p r o v i s i o n i n g  o f  payload 
serv ices ,  bo th  unique and common, which are  r e q u i r e d  beyond t h e  b a s i c  standard se rv i ces  f o r  NASA missions,  
and t o  p rov ide  mu l t i- m iss ion  support  equipment i n  support  o f  payload operat ions.  Payload opera t ions  
prov ides unique hardware, analyses, and launch s i t e  support  se rv i ces  t o  support  STS missions. Payload 
suppor t  equipment funds the  development and a c q u i s i t i o n  o f  mu l t i- miss ion  reusab le  ground support  equipment 
r e q u i r e d  f o r  a wide range o f  payloads. This i n c l u d e s  t e s t  equipment r e q u i r e d  t o  checkout pay load- to- orb i te r  
i n t e r f a c e s  a t  KSC, t e s t  equipment f o r  checkout of NASA payloads a t  Vandenburg A i r  Force Base (VAFB), mixed 
cargo hardware such as standard cab le  harnesses, and d i s p l a y s  and c o n t r o l s  r e l a t e d  t o  payload bay 
operat ions.  

CHANGES FROM FY 1986 BUDGET ESTIMATE 

Payload opera t ions  fund ing requirements increased by $1.2 m i l l i o n  t o  suppor t  t h e  development o f  a standard 
remateable u m b i l i c a l  fo r  on- orb i t  spacec ra f t  se rv i c ing .  Payload suppor t  equipment es t imates  have decreased 
by $1.2 m i l l i o n  r e f l e c t i n g  a t r a n s f e r  o f  ded ica ted Spacelab w i r i n g  harnesses t o  the  Spacelab program. 
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BASIS OF FY 1987 ESTIMATE 

Payload opera t ions  fund ing i s  r e q u i r e d  t o  furnish cont inued payload se rv i ces  f o r  c u r r e n t l y  scheduled NASA 
launches. Major  NASA and j o i n t  endeavor payloads r e c e i v i n g  suppor t  d u r i n g  t h i s  year i n c l u d e  Spartans, Space 
L i f e  Science Laboratory  (SLS-21, Electrophoreses Operat ions i n  Space (EOS),  Long D u r a t i o n  Exposure F a c i l i t y  
R e t r i e v a l  (LDEF) , Spacelab So lar  Telescope (Sunlab) , M a t e r i a l s  Science Labora to r ies  (MSL) , Astros, S h u t t l e  
Radar Labora tory  (SRL) , Track ing and Data Relay S a t e l l i t e  (TDRS) , I n t e r n a t i o n a l  M i c o g r a v i t y  Labora tory  
(IML), Combined Release and Rad ia t i on  E f f e c t s  S a t e l l i t  (CRRESS) , Roentgen s a t e l l i t e  (ROSAT) , S h u t t l e  So lar  
Backscater U l t r a - V i o l e t  Ins t ruments  (SSSUV) and Large, H igh Capaci ty  Heat Pipe Rad ia to r  (TEMP-36). 
Sus ta in ing  eng ineer ing and opera t ions  suppor t  f o r  t h e  manned maneuvering un i t  w i l l  cont inue i n  support  of 
NASA f l i g h t  requirements. Fur ther ,  e f f o r t s  w i l l  cont inue t o  p rov ide  the  means t o  m a i n t a i n  and r e p a i r  
s a t e l l i t e s  on- orb i t  by developing a s e r i e s  o f  t oo l s ,  a ids,  and techniques, and t o  demonstrate c a p a b i l i t i e s  
and methods o f  improv ing the  e f f i c i e n c y  o f  on- orb i t  operat ions.  These demonstrat ions w i l l  p rov ide  t h e  
exper ience necessary f o r  r e a l i z a t i o n  of t h e  S h u t t l e ' s  p o t e n t i a l  f o r  s a t e l l i t e  s e r v i c i n g  miss ions and on- 
o r b i t  assembly func t ions .  

FY 1987 fund ing f o r  payload support  equipment w i l l  be used f o r  the  development, t e s t ,  and i n s t a l l a t i o n  o f  
mixed cargo hardware and t e s t  equipment, l o n g  l e a d  procurement o f  equipment f o r  NASA payloads a t  VAFB, 
procurement and i n s t a l l a t i o n  o f  f i b e r  o p t i c s ,  and cont inued procurement o f  cargo i n t e g r a t i o n  hardware 
r e q u i r e d  t o  meet the  m iss ion  mani fest .  
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BASIS OF f Y  1987 " D I N G  REQUIRMENT 

ADVANCED PROGRAMS 

1986 1987 
1985 Budget Cur ren t  Budget 

A c t u a l  Es t imate  E s t  imate  Est  ima t e  
nhousands o f  Dollars) 

Advanced programs...................... 20,50U 21,1100 21, uou 16,6UU 

OBJECTIVES AND STATUS 

Advanced Program's p r i n c i p a l  o b j e c t i v e s  a re  t o  conduct m iss ion  requirements analyses, conceptual  system 
c j e f i n i t i o n ,  d e t a i l e d  system d e f i n i t i o n ,  and advanced and suppor t i ng  developments t o  acqu i re  t h e  t e c h n i c a l  
and programmatic data  f o r  the  e v a l u a t i o n  o f  new space f l i g h t  i n i t i a t i v e s .  Fu tu re  space program and systems 
requirements, con f igu ra t i ons ,  costs,  and c a p a b i l i t i e s  are  i d e n t i f i e d  t o  p rov ide  the  b a s i s  f o r  development 
dec is ions  on new space f l i g h t  systems. Past  program e f f o r t s  have p rov ided  such i n f o r m a t i o n  f o r  new major 
Agency programs and systems i n c l u d i n g  Apol lo,  Skylab, the  STS and Space S ta t i on .  Subsystem s t u d i e s  and 
advanced and suppor t i ng  development e f f o r t s  a r e  conducted t o  demonstrate t h e  r e q u i r e d  performance and 
r e l i a b i l i t y .  Improvements t o  reduce f u t u r e  system program c o s t  and schedule r i s k s  w h i l e  i n c r e a s i n g  
performance w i l l  a l s o  be inves t iga ted .  

I n  FY 1986, the  Advanced Programs e f f o r t  i s  focused i n  s i x  major areas--advanced missions, s a t e l l i t e  
serv ices ,  spacec ra f t  systems, advanced t r a n s p o r t a t i o n  systems, crew systems, and gener ic  space system 
c a p a b i l i t i e s .  D e f i n i t i o n  s t u d i e s  as w e l l  as advanced development e f f o r t s  a re  be ing cont inued i n  the  areas 
o f  s a t e l l i t e  s e r v i c i n g  systems; manned e x t r a v e h i c u l a r  a c t i v i t y ;  spacec ra f t  and p l a t f o r m  resupply,  
maintenance and r e p a i r ;  rendezvous and p r o x i m i t y  opera t ions ;  s a t e l l i t e  maintenance and r e p a i r  i n  low and 
geosta t ionary  E a r t h  o r b i t ;  and autonomous c a p a b i l i t i e s .  I n  spacec ra f t  systems, d e f i n i t i o n  a c t i v i t i e s  
cont inue f o r  f r e e  f l y i n g  and te the red  space p l a t f o r m s  i n  low and geos ta t i ona ry  o r b i t s  opera t ing  from the 
Shu t t l e .  Advanced t r a n s p o r t a t i o n  s t u d i e s  a re  focused on study o f  p o t e n t i a l  f u t u r e  reusab le  o r b i t  t r a n s f e r  
v e h i c l e s  (OTV) ,  space-based opera t ions  of OTV's ,  compe t i t i ve  ae roass is t  b r a k i n g  techniques f o r  OTV,  Shu t t l e -  
de r i ved  launch v e h i c l e  concepts, p r o p e l l a n t  scavenging, and a f t  cargo c a r r i e r  concepts. Crew systems 
e f f o r t s  w i l l  focus on d e f i n i t i o n  and advanced development r e l a t e d  t o  f u t u r e  space f l i g h t  systems. Generic 
space system c a p a b i l i t i e s  w i l l  i n c l u d e  s t u d i e s  r e l a t e d  t o  space debr is .  P r e l i m i n a r y  d e f i n i t i o n  and ground 
s i m u l a t i o n  eva lua t ions  o f  assembly and c o n s t r u c t i o n  opera t ions  f o r  l a r g e  space systems and o r b i t a l  
s t r u c t u r e s  w i l l  be pursued. NASA, i n  c o n j u n c t i o n  w i th  the  DOD, i s  i n v e s t i g a t i n g  a heavy l i f t  launch 
c a p a b i l i t y  and assoc ia ted advanced development. 
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The o b j e c t i v e  o f  e f f o r t s  t o  be i n i t i a t e d  i n  t h e  advanced manned m iss ion  area w i l l  be the  p lann ing  and 
a n a l y s i s  of p o t e n t i a l  fo l low- on programs t o  e x p l o i t  t h e  STS and t h e  e a r l y  Space S ta t i on .  I n t e g r a t e d  program 
o p t i o n s  i n v o l v i n g  low E a r t h  o r b i t ,  geos ta t i ona ry  o r b i t ,  l u n a r  and p l a n e t a r y  miss ions w i l l  be i n v e s t i g a t e d ,  
with t h e  mu l t i- year  purpose t o  develop goals, p lann ing  in fo rmat ion ,  and i n f r a s t r u c t u r e  requirements fo r  
expanding manned presence i n  space beyond the p e r i o d  o f  t he  Space S t a t i o n  development and i n i t i a t i o n .  

BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, major emphasis w i l l  be p laced on system concept d e f i n i t i o n  and key advanced developments i n  
crew systems, geosta t ionary  E a r t h  o r b i t a l  unmanned p la t fo rms ,  reusab le  OTV's, new c a p a b i l i t y  m iss ion  k i t s  
fo r  o r b i t a l  maneuvering veh ic les ,  f u t u r e  t e t h e r e d  systems a p p l i c a t i o n s ,  s a t e l l i t e  s e r v i c i n g  systems near and 
remote from t h e  o r b i t e r ,  and second generat ion  s h u t t l e s .  A maJor g o a l  cont inues t o  be t h e  conceptua l  
d e f i n i t i o n  o f  t he  systems a r c h i t e c t u r e  and space elements needed f o r  space opera t ions  over the  n e x t  twenty 
years. 

The s a t e l l i t e  s e r v i c i n g  program element w i l l  cont inue t o  exp lo re  e f f e c t i v e  manned s e r v i c i n g  concepts t o  
extend STS o p e r a t i o n a l  c a p a b i l i t y  f o r  E a r t h  o r b i t  suppor t  o f  spacecra f t ,  p la t fo rms,  and c o n s t e l l a t i o n  
aggregates. The spacec ra f t  systems program element w i l l  focus on geos ta t i ona ry  p l a t f o r m  c a p a b i l i t y ,  
d e f i n i t i o n  and d e l i n e a t i o n  o f  c r i t i c a l  mechanisms, and designs which r e q u i r e  advanced development e f f o r t s .  
D e t a i l e d  eng ineer ing systems a n a l y s i s  w i l l  be cont inued t o  determine the  e f f i c i e n c y  o f  f u t u r e  t e t h e r e d  
p l a t f o r m  app l i ca t i ons .  Complet ion o f  p r e l i m i n a r y  d e f i n i t i o n  o f  o r b i t  t r a n s f e r  v e h i c l e  systems w i l l  be 
accomplished i n  the advanced t r a n s p o r t a t i o n  element, i n c l u d i n g  a d e t a i l e d  systems eng ineer ing understanding 
o f  space bas ing and what key advanced developments must be i n i t i a t e d .  Second genera t ion  s h u t t l e  concept 
s t u d i e s  and advanced developments w i l l  a l s o  be conducted. I n  t h e  crew systems area, new l i f e  suppor t  system 
concepts and advanced developments w i l l  be conducted focus ing on post-Space S t a t i o n  e r a  manned missions. 
Also, i n  the  crew systems area, new c a p a b i l i t i e s  fo r  EVA w i l l  be pursued. Generic s t u d i e s  regard ing  o r b i t a l  
deb r i s ,  l a r g e  s t ruc tu res ,  and system a p p l i c a t i o n s  w i l l  be continued. Advanced manned miss ions beyond t h e  
Space S t a t i o n  w i l l  cont inue t o  be s t u d i e d  with expanded scope and increased depth. S tud ies  w i l l  be 
conducted t o  i d e n t i f y  p o t e n t i a l  lunar/Mars miss ions and t h e i r  p o t e n t i a l  demands on the  STS. 
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BASIS OF FY 1987 fuH)ING REUUIRMENT 

TETHERED SATELLITE SYSTGY 

1986 1987 
1985 Budget Cur rent  Budget 

Est imate  Est imate  Est imate  
(Thousands o f  Dollars) 

A c t u a l  

Tethered s a t e l l i t e  system............. 15,800 21, ouo 17,500 11,6OO 

OBJECTIVES AND STATUS 

The development o f  a Tethered S a t e l l i t e  System (1%) w i l l  p rov ide  a new f a c i l i t y  f o r  conduct ing  space 
experiments a t  d is tances up t o  100 k i l o m e t e r s  from t h e  S h u t t l e  o r b i t e r  w h i l e  be ing  h e l d  i n  a f i x e d  p o s i t i o n  
r e l a t i v e  t o  the  o r b i t e r .  A number o f  s i g n i f i c a n t  s c i e n t i f i c  and eng ineer ing o b j e c t i v e s  can be un ique ly  
undertaken with a TSS f a c i l i t y  such as the  observa t ion  o f  impor tan t  atmospheric processes o c c u r r i n g  wi th in  
t h e  lower thermosphere, new observat ions  o f  c r u s t a l  geomagnetic phenomena, and e n t i r e l y  new electrodynamic 
experiments i n t e r a c t i n g  with the  space plasma. This i s  be ing undertaken as a cooperat ive  development 
program with the  I t a l i a n  government. Formal s i g n i n g  by rep resen ta t i ves  o f  b o t h  governments o f  a Memorandum 
o f  Understanding took p l a c e  i n  March 1984. 

The U n i t e d  Sta tes  i s  respons ib le  f o r  o v e r a l l  program management, o r b i t e r  i n t e g r a t i o n ,  and hardware 
development of t he  deployment mechanism which was i n i t i a t e d  i n  FY 1984. The I t a l i a n s  i n i t i a t e d  t h e  
s a t e l l i t e  hardware development i n  1984. They a r e  respons ib le  f o r  t h e  s a t e l l i t e  development and ins t rumen t  
and experiment i n t e g r a t i o n .  

CHANGES I N  FY 1986 BUDGET ESTIMATE 

Funding requirements have decreased by $3.5 m i l l i o n  t o  r e f l e c t  a s lower development schedule o f  t h e  NASA 
deployer c o n s i s t e n t  with the  pace o f  o t h e r  elements o f  t h e  program. 

BASIS OF FY 1987 ESTIMATE 

FY 1987 fund ing o f  811.6 m i l l i o n  w i l l  cont inue the  hardware des ign and development l e a d i n g  t o  an 
eng ineer ing v e r i f i c a t i o n  f l i g h t  scheduled f o r  1968. The p lann ing  es t ima te  f o r  t he  t o t a l  development c o s t  
f o r  the U n i t e d  S ta tes  a c t i v i t i e s  remains a t  $60 m i l l i o n .  
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BASIS W FY 1987 FUNOINC REQUIRMENT 

ORBITAL MANEUVERING VEHICLE 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Estima t e  
 thousands o f  Dollars) 

O r b i t a l  maneuvering vehicle........... --- 25,000 10,000 70, UO0 

OBJECTIVES AH) STATUS 

The O r b i t a l  Maneuvering Veh ic le  (OMV)  w i l l  p rov ide  a new STS reusable  ex tens ion  c a p a b i l i t y  f o r  conduct ing 
o r b i t a l  operat ions w i t h  spacecra f t  and payloads beyond the  p r a c t i c a l  ope ra t i ona l  a c c e s s i b i l i t y  l i m i t s  of t h e  
base l ine  STS. By means o f  d i r e c t  man- in-the- loop con t ro l ,  t h e  spacebaseble reusable  OMV, opera t ing  as f a r  
as 800-1400 n a u t i c a l  m i l e s  f r o m  t he  o r b i t e r ,  w i l l  p rov ide  de l i ve r y ,  maneuvering, and r e t r i e v a l  o f  s a t e l l i t e  
payloads t o  and from a l t i t u d e s  or i n c l i n a t i o n s  beyond the  e x i s t i n g  STS c a p a b i l i t y ;  reboost  o f  s a t e l l i t e  t o  
o r i g i n a l  ope ra t i ona l  a l t i t u d e s  or higher ;  d e l i v e r y  of m u l t i p l e  payloads t o  d i f f e r e n t  o r b i t a l  a l t i t u d e s  and 
i n c l i n a t i o n s  i n  a s i n g l e  f l i g h t ;  and sa fe  d e o r b i t  o f  s a t e l l i t e s  which have completed t h e i r  u s e f u l  l i f e .  I t  
w i l l  be designed t o  serve t he  Space S t a t i o n  as w e l l  and t o  accommodate t he  add-on o f  f u t u r e  "mission k i t s "  
as needed t o  support  more advanced miss ions such as the  s e r v i c i n g  o f  s a t e l l i t e s  and p l a t f o rms  and the  
r e t r i e v a l  o f  space deb r i s  which cou ld  rep resen t  an o r b i t a l  hazard t o  a l l  f u t u r e  space missions. 

CHANGES I N  FY 1986 BUDGET ESTIMATE 

The $15.0 m i l l i o n  decrease fo r  oF.1V r e f l e c t s  t he  implementat ion o f  Congressional a c t i o n s  on t he  FY lYb6 
budget request. 

BASIS FOR FY 19t17 ESTIMATE 

This change w i l l  r e s u l t  i n  a de lay  o f  t he  f i r s t  f l i g h t  from 1990 t o  1991. 

The funds prov ided i n  FY 1986 w i l l  be used t o  i n i t i a t e  av lV  hardware development through compe t i t i ve l y  
awarded c o n t r a c t s  i n  t he  summer o f  1986. FY 1987 funds w i l l  be used t o  cont inue t h i s  development e f f o r t  
l ead ing  t o  f i r s t  f l i g h t  i n  1991. 
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MTIONAL AERONAUTICS AND SPACE ADWINISTRATION 

FISCAL YEAR 1987 ESTIMATES 

RESEARCH AM) DEVELOPMENT BUDGET PLAN FOR SPACE SCIENCE AN0 APPLICATIONS P R O M S  

Budget Plan 
19H6 1987 -. _ _  -_ -. 

1985 Budget Current Budget 
Programs 

Physics and astronomy............* .... 
L i f e  sciences...............,........ 

P lanetary exploration................. 
, 

S o l i d  e a r t h  observations.............. 

Environmental observations............ 

M a t e r i a l s  processing i n  space......... 

Communications....................... 

In format ion  systems................... 

Ac tua l  Est imate Est imate Est imate 
'(Thousands o f  Dollar3 

677,200 630,400 607,lUO 539,400 

62,300 72,OOU 69,900 74,700 

290, 900 359,000 352,800 323,300 

57,6OU 74,900 74, YUU 74,10U 

212,700 317,500 289,800 367, 900 

27, b00 34,000 35, U0Ij 43, YUO 

60,600 106,200 100,300 19,500 

16,2U[1 19,200 18,700 21,20b 

lf404,50U 1,613,200 1,548,500 1,464,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET SUMHARY 

OFFICE OF SPACE SCIENCE AND APPLICATIONS 

SUMMARY OF RESOURCES REqUIREHENTS 

PHYSICS AND ASTRONOMY PROGRAM 

1986 ______- 
1985 Budget Current  

Ac tua l  Est imate Est imate 
nhousands o f  Dollars)' 

-- 

Hubble space telescope development .... 195,000 127,800 127,800 
Gamma ray  observatory development ..... 117,200 87,300 67,300 

and miss ion management .............. 105,400 135,500 108,300 
Shutt le/Spacelab payload development 

Exp lo re r  development .................. 51,90U 55,200 50,700 
Miss ion opera t ion  and data analysis.. . 109,100 119,900 118,000 
Research and ana l ys i s  ................. 39,900 42,300 51,500 
Suborb i t a l  program.................... 2- 51.3 700 62,400 - 63,500 

607 100 Total............................... -L- 677 200 ---l_ 630,400 - --- 
D i s t r i b u t i o n  o f  P r x a m  Amount by I n s t a l l a t i o n  
-----------I- ----- --- - --- ----- 
Johnson Space Center.................. 7,328 
Kennedy Space Center.................. 4,997 
Marsha l l  Space F l i g h t  Center.......... 33a,  824 

J e t  Propu ls ion  Laboratory  ............. 60,913 
Goddard Space F l i g h t  Center........... 193,087 

Ames Research Center.......@.......... 22,505 
Langley Research Center............... 2,914 
Headquarters .......................... 46,632 

Total............................... 677,200 

9,500 
7,250 

283,298 
216,996 

34,525 
27,500 

3,233 
48,  o w  

630,400 

9,874 
6 ,  a54 

293,217 
169,054 

47,413 
29,920 

1 ,625  
49,143 

607 100 -L 

1987 
Budget 

Est imate 

27,900 
51,500 

115,100 
56,700 

172,700 
51,100 
64,400 

539,400 

15,190 
4,786 

246,466 
140,721 

53,110 
29,666 

1 ,250  
- 48,211 

539,400 

Page 
Number 
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FISCAL YEAR 1987 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION 

PHYSICS AND ASTRONOMY PROGRAM 

The major o b j e c t i v e  o f  the  Phys ics  and Astronomy program i s  t o  increase our knowledge o f  t he  o r i g i n ,  
evo lu t i on ,  s t r u c t u r e ,  and composi t ion o f  t he  universe,  i n c l u d i n g  t h e  Sun, the  s ta rs ,  and o the r  
c e l e s t i a l  bodies. Space-based research is being conducted t o  i n v e s t i g a t e  the  s t r u c t u r e  and dynamics 
o f  t he  Sun and i t s  l ong  and short- term v a r i a t i o n s ;  cosmic ray,  x-ray, u l t r a v i o l e t ,  o p t i c a l ,  i n f r a r e d ,  
and r a d i o  emissions from s ta rs ,  i n t e r s t e l l a r  gas and dust,  pu l sa rs ,  neu t ron  s ta rs ,  quasars, 
b lackholes,  and o the r  c e l e s t i a l  sources; and t h e  laws governing t h e  i n t e r a c t i o n s  and processes 
o c c u r r i n g  i n  the  universe.  Many o f  t he  phenomena be ing i n v e s t i g a t e d  a r e  n o t  de tec tab le  from ground- 
based observa to r ies  because o f  t he  obscur ing or  d i s t o r t i n g  e f f e c t s  o f  t h e  E a r t h ' s  atmosphere. 

To achieve the  o b j e c t i v e s  o f  the  Phys ics  and Astronomy program, NASA employs t h e o r e t i c a l  and 
l a b o r a t o r y  research; a i r c r a f t ,  b a l l o o n  and sounding r o c k e t  f l i g h t s ;  Shutt le/Spacelab f l i g h t s ;  and 
f r e e- f l y i n g  spacecraf t .  Research teams i n v o l v e d  i n  th i s  program a re  l o c a t e d  a t  u n i v e r s i t i e s ,  
i n d u s t r i a l  l a b o r a t o r i e s ,  NASA f i e l d  centers,  and o the r  government l a b o r a t o r i e s .  

The s c i e n t i f i c  i n f o r m a t i o n  obta ined and the technology developed i n  t h i s  program are  made a v a i l a b l e  
t o  the  s c i e n t i f i c  communities f o r  a p p l i c a t i o n  t o  and t h e  advancement o f  s c i e n t i f i c  knowledge, 
educat ion  and technology. 

The Physics and Astronomy miss ions undertaken t o  date  have been e x t r a o r d i n a r i l y  successful ,  and a 
number o f  miss ions cont inue t o  produce a r i ch  harves t  o f  s c i e n t i f i c  data; t h e  I n t e r n a t i o n a l  
U l t r a v i o l e t  Exp lo re r  (IUE) and the So lar  Maximum Miss ion  (SMM) a r e  s t i l l  operat ing.  New s c i e n t i f i c  
r e s u l t s  are  c o n t i n u a l l y  emerging from the  a n a l y s i s  of t he  High Energy Ast rophys ics  Observator ies  
(HEAO) and I n f r a r e d  Astronomical  S a t e l l i t e  (IRAS) data  sets. 

Exp lo re r  s a t e l l i t e s  are  r e l a t i v e l y  low c o s t  b u t  a re  extremely e f f e c t i v e  i n  miss ions which have been 
developed and launched s ince  the beg inn ing of our c o u n t r y ' s  space program. Present  examples a r e  the  
A c t i v e  Magnetospheric P a r i c l e  Tracer E x p l o r e r  (AMPTE), launched i n  1984, which i s  s tudy ing  the  s o l a r  
wind a t  the  subsolar  p o i n t  and i d e n t i f y i n g  p a r t i c l e  e n t r y  windows, e n e r g i z a t i o n  processes and 
t r a n s p o r t  processes i n t o  t h e  magnetosphere. The I n f r a r e d  Astronomical  S a t e l l i t e  ( I R A S ) ,  developed i n  
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c o l l a b o r a t i o n  w i t h  the Nether lands and the Un i t ed  Kingdom, and launched i n  January 1983, made e x c i t i n g  
d i scove r i es  and s i g n i f i c a n t  c o n t r i b u t i o n s  t o  ast ronomica l  research as i t  observed the  c o o l  and 
obscured ob jec t s  o f  the  universe.  While the spacecraf t  has completed operat ions,  the  a n a l y s i s  o f  the  
I R A S  data w i l l  cont inue f o r  severa l  years. 

Two major Exp lo re r  missions a re  now under development: the Cosmic Background Exp lo re r  (CUBE) and the 
Extreme U l t r a v i o l e t  Exp lo re r  (EUVE). I n  add i t i on ,  a U.S. X-ray h i g h  r e s o l u t i o n  imager i s  be ing  
developed f o r  launch i n  1988 on the Roentgen S a t e l l i t e  (ROSAT),  which i s  be ing developed by the  
Federa l  Republ ic o f  Germany. A Cosmic Ray Iso tope  Experiment i s  a l s o  be ing  developed f o r  f l i g h t  i n  
1988 on a Department o f  Defense s a t e l l i t e .  

The Hubble Space Telescope program w i l l  p rov ide  an i n t e r n a t i o n a l  spaceborne ast ronomica l  observatory 
capable o f  measuring ob jec t s  apprec iab ly  f a i n t e r  and more d i s t a n t  than those access ib le  from the  
ground. This increased c a p a b i l i t y  w i l l  a l l ow  us t o  address such bas ic  quest ions as the o r i g i n ,  
evo lu t i on ,  and d i s p o s i t i o n  o f  s ta r s ,  ga lax ies,  and c l u s t e r s ,  thus a l l ow ing  us t o  s i g n i f i c a n t l y  
increase our understanding o f  the universe.  

I n  1988 the  Gamma Ray Observatory m iss ion  w i l l  be launched by the  Space Shut t le .  Th is  m iss ion  w i l l  
measure gamma r a d i a t i o n  and exp lo re  the  fundamental p h y s i c a l  processes powering it. Through the  
ins t ruments  f lown on t h i s  m iss ion  unique i n f o r m a t i o n  on ast ronomica l  ob jec t s  such as quasars, b l ack  
holes,  and neut ron s t a r s  may be examined. 

The Shutt le/Spacelab program w i l l  cont inue, with f l i g h t  o f  the ASTRO-1 miss ion and the f i r s t  E a r t h  
Observat ion M iss i on  ( E M )  scheduled t o  occur i n  1Y86. The ASTRO-1 miss ion w i l l  i n v e s t i g a t e  the  
i n t e r s t e l l a r  medium through x-ray observat ions,  w h i l e  the EOM w i l l  s t a r t  a long- term s e r i e s  o f  s t ud ies  
r e l a t e d  t o  the  E a r t h ' s  atmosphere and the  s o l a r  constant.  A c t i v i t y  w i l l  a l so  be conducted on severa l  
f u tu re  missions, i n c l u d i n g  Astro-2, subsequent EOM's, M a t e r i a l s  Science Labs, and the f i r s t  ded icated 
L i f e  Sciences mission. I n  add i t i on ,  sounding- rocket- type i ns t r umen ta t i on  w i l l  be developed t o  be 
f lown on the Space Transpor ta t ion  System t o  a l l ow  longer  f l i g h t  t ime o f  these r e l a t i v e l y  low- cost 
instruments.  

S u b o r b i t a l  observat ions w i l l  cont inue t o  be conducted i n  FY 1987 from bal loons,  sounding rockets ,  
Spartans, and h i g h- f l y i n g  a i r c r a f t  t h a t  c a r r y  ins t ruments  above most o f  the atmosphere. An a i r c r a f t  
i s  be ing acqui red and mod i f ied  i n  FY 1986 and FY 1967 t o  rep lace  the  CV-990 research a i r c r a f t ,  
" Ga l i l eo  II", which was destroyed i n  an acc ident  i n  Ju ly .  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

HUBBLE SPACE TELESCOPE DEVELOPMENT 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  D o l l a r s )  

Spacecraft....... ..................... 174,100 113,900 113,900 24, YO0 
Experiments....... .................... 20, 900 13, YO0 13,900 3, b(I0 

Total............................ 195,000 127,800 127,800 27,900 

M iss ion  operat ions and data analys is .  (74,700) (88,000 (87,700) (137,600) 

Space t r a n s p o r t a t i o n  system opera t ions  (2&,000) (41,500 ) (40,100 ) (--- 1 
,OBJECTIVES AH) STATUS 

The Hubble Space Telescope w i l l  make a major c o n t r i b u t i o n  t o  understanding the  s t a r s  and galax ies,  
t he  na ture  and behavior o f  t he  gas and dus t  between them, and t h e  broad quest ion  o f  the  o r i g i n  and 
sca le  o f  t he  universe. Operat ing i n  space above the  atmospheric v e i l  surrounding the  Earth,  t he  
Hubble Space Telescope w i l l  increase, by more than a hundredfold, the  volume o f  space accessib le f o r  
observat ions. With i t s  s i g n i f i c a n t  improvements i n  r e s o l u t i o n  and p r e c i s i o n  i n  l i g h t  s e n s i t i v i t y  and 
i n  wavelength coverage, the  Hubble Space Telescope w i l l  permi t  s c i e n t i s t s  t o  conduct i n v e s t i g a t i o n s  
t h a t  cou ld  never be c a r r i e d  out  wi th ground-based observa tor ies  l i m i t e d  by the  obscuring and 
d i s t o r t i n g  e f f e c t s  o f  t he  E a r t h ' s  atmosphere. 

The Hubble Space Telescope w i l l  enhance the  a b i l i t y  o f  astronomers t o  s tudy r a d i a t i o n  i n  the  v i s i b l e  
and u l t r a v i o l e t  reg ions  o f  the  spectrum. I t  w i l l  be more s e n s i t i v e  than ground-based telescopes and 
w i l l  a l l ow  the  o b j e c t s  under study t o  be recorded i n  greater  d e t a i l .  I t  w i l l  make observat ions 
poss ib le  o f  ob jec ts  so remote t h a t  the  l i g h t  w i l l  have taken many b i l l i o n s  o f  years t o  reach the  
Earth. As a r e s u l t ,  we w i l l  be ab le  t o  l o o k  f a r  i n t o  the d i s t a n t  pas t  o f  our universe. The Hubble 
Space Telescope w i l l  a l so  c o n t r i b u t e  s i g n i f i c a n t l y  t o  the  study o f  t he  e a r l y  s t a t e  o f  s t a r s  and t h e  
format ion o f  s o l a r  systems, as w e l l  as the  observa t ion  o f  such h igh ly- evo lved ob jec ts  as supernova 
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remnants and whi te  dwarf s ta rs .  With the  Hubble Space Telescope, we may be ab le  t o  determine t he  
na tu re  of quasars and t he  processes by which they emi t  such enormous amounts o f  energy; i t  may a l so  be 
poss ib l e  t o  determine whether some nearby s t a r s  have p lane ta ry  systems. 

The Hubble Space Telescope w i l l  be an automated observatory,  de l i ve red  i n t o  o r b i t  by the  Space 
Shu t t l e .  Data from i t s  s c i e n t i f i c  ins t ruments  w i l l  be t r ansm i t t ed  t o  Ea r th  v i a  the Track ing and Data 
Relay S a t e l l i t e  System. The Hubble Space Telescope design w i l l  pe rm i t  i n - o r b i t  maintenance and 
r e p a i r ,  and/or r e t r i e v a l  by the  Space S h u t t l e  f o r  r e t u r n  t o  Ea r th  f o r  r equ i red  re furb ishment  and then 
re launch by the Space Shut t le .  

Dur ing  FY 1985, s i g n i f i c a n t  progress was made towards complet ion o f  the  Hubble Space Telescope (HST) 
development program. Almost a l l  major elements o f  t he  spacecraf t ,  i n c l u d i n g  the  O p t i c a l  Telescope 
Assembly, t he  th ree  f l i g h t  F ine  Guidance Sensors, t he  Science Ins t rument  Con t ro l  and Data Handl ing 
Unit, and the  f i v e  S c i e n t i f i c  Ins t ruments  have been d e l i v e r e d  and assembled i n t o  the  observatory  a t  
Lockheed. The Assembly and V e r i f i c a t i o n  (A&V) program o f  the i n t e g r a t e d  spacecra f t  began a t  Lockheed 
i n  FY 1985. HST f unc t i ona l ,  modal and e lec t romagnet ic  c o m p a t i b i l i t y  t e s t i n g  have a l l  been 
success fu l l y  completed. These t e s t s  v e r i f i e d  the  o v e r a l l  mechanical, e l e c t r i c a l  and s t r u c t u r a l  
i n t e g r a t e d  system design i n t e g r i t y  and q u a l i t y  o f  workmanship. E s p e c i a l l y  g r a t i f y i n g  were t he  
p o i n t i n g  s t a b i l i t y  r e s u l t s  from modal t e s t i n g ,  which showed performance w e l l  w i t h i n  s p e c i f i c a t i o n s .  

I n  FY 1986, program focus w i l l  con t inue  on the A&V a c t i v i t i e s  a t  Lockheed. Major remaining A&V 
t e s t i n g  i nc l ude  acoust ic ,  thermal  vacuum and pre- ship  f unc t i ona l .  HST w i l l  then be shipped from 
Lockheed ( C a l i f o r n i a )  t o  Kennedy Space Center f o r  launch du r i ng  the f i r s t  qua r te r  o f  FY 1967. 

CHANGES FROM FY 1986 BU)CET ESTIMATE 

While there  are no changes i n  requirements from the FY 1986 budget, t he  launch date o f  the  Hubble 
Space Telescope has been changed from August 1986 t o  October 1986. Resources have been added t o  FY 
1987 t o  support  the change i n  the launch date and f o r  p o t e n t i a l  problems. 

BASIS OF FY 1987 ESTIMATE 

The FY 1987 funding i s  r equ i red  f o r  HST launch and o r b i t a l  checkouts, r e l a t e d  cos ts  and assoc ia ted 
con t rac to r  award fee payments. 

RD 3-5 



BASIS OF FY 1987 FUNDING REQUIRMENT 

GAMPIA RAY OBSERVATORY DEVELOPMENT 

1986 1987 
1985 Budget Cur ren t  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D m  

Spacecraft............................ 91,400 59,7UO 59,700 35,500 
Experiments and ground operations..... 25, tlU0 27,600 27,60U 16,0011 

Total............................... 117,200 87,300 87,300 51,5UO 

Space t r a n s p o r t a t i o n  system opera t ions  (5,400) ( 12,000 ) (14,800) (22,600) 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t he  Gamma Ray Observatory m iss ion  i s  t o  measure gamma r a d i a t i o n  from the  universe,  
and t o  exp lo re  the  fundamental p h y s i c a l  processes powering it. C e r t a i n  c e l e s t i a l  phenomena a re  
access ib le  o n l y  a t  gamma ray  energies. The observa t iona l  o b j e c t i v e s  o f  t h e  Gamma Ray Observatory a r e  
t o  search f o r  d i r e c t  evidence o f  t he  syn thes is  o f  t he  chemical elements; t o  observe h i g h  energy 
a s t r o p h y s i c a l  processes o c c u r r i n g  i n  supernovae, neut ron s t a r s  and b l a c k  holes;  t o  l o c a t e  gamma r a y  
burst  sources; t o  measure the  d i f f u s e  gamma r a y  r a d i a t i o n  f o r  cosmological  evidence o f  i t s  o r i g i n ;  and 
t o  search f o r  unique gamma ray  e m i t t i n g  ob jec ts .  

Cosmic gamma rays  represent  one o f  t h e  l a s t  f r o n t i e r s  o f  t h e  e lec t romagnet ic  spectrum t o  be 
explored. The low f l u x  l e v e l s  o f  gamma rays,  and the  h i g h  background they produce through t h e i r  
i n t e r a c t i o n  with the  E a r t h ' s  atmosphere, coupled with t h e  demand f o r  b e t t e r  s p e c t r a l ,  s p a t i a l ,  and 
temporal r e s o l u t i o n  o f  source features ,  combine t o  r e q u i r e  t h a t  very  l a r g e  gamma r a y  ins t ruments  be 
f lown i n  space f o r  a prolonged p e r i o d  o f  t ime. Gamma r a y s  p rov ide  unique i n f o r m a t i o n  on t h e  most 
i n t r i g u i n g  as t ronomica l  ob jec ts  y e t  discovered, i n c l u d i n g  quasars, neu t ron  s t a r s ,  and b l a c k  holes. 

The Gamma Ray Observatory i s  scheduled f o r  launch by the  Space S h u t t l e  i n  1988. The spacecraf t  i s  
designed t o  accommodate fou r  s c i e n t i f i c  ins t ruments  and t o  a l l o w  f o r  r e f u e l i n g  by the  Space Shu t t l e .  
Because o f  t he  necess i ty  f o r  l o n g  exposures, t h e  spacecra f t  w i l l  be p o i n t e d  i n  a f i x e d  d i r e c t i o n  i n  
space f o r  pe r iods  o f  a few hours up t o  two weeks a t  a time. 
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I n  FY 19b5, c r i t i c a l  des ign rev iew f o r  the  spacecraf t  system was completed. I n  add i t i on ,  
I n  FY 1986, assembly o f  t h e  s c i e n t i f i c  ins t ruments  w i l l  f a b r i c a t i o n  o f  ins t rument  hardware continued. 

be completed and the spacecra f t  f a b r i c a t i o n  and t e s t  w i l l  be underway. 

BASIS ff FY 1987 ESTIMATE 

The FY 1987 fund ing i s  r equ i r ed  f o r  sc ience ins t rument  i n t e g r a t i o n  and t e s t  with the  spacecra f t  as 
w e l l  as system v e r i f i c a t i o n  and t e s t  necessary f o r  t he  planned 1988 launch. 
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BASIS OF FY 1987 WING REQUIREUENT 

SPACELAB PAYLOAD DEVELOPMENT AND MISSION MANAGEMENT 

1986 1987 
1985 Budget Current Budget 

A c t u a l  E s t  ima t e  Estimate Estimate 
(Thousands of  Dollars) 

Payload development & miss ion  
management......................... 105,400 135,500 llr8,300 115,100 

( S o l a r  O p t i c a l  Te lescope  Development) (9 ,789)  (30,oou) (5 ,000)  ( --- ) 
OBJECTIVES AN) STATUS 

The o b j e c t i v e s  o f  Space lab  payload development and miss ion  management are t o  deve lop  i n s t r u m e n t s  i n  
o r d e r  t o  conduct  exper iments  and a c q u i r e  new knowledge i n  t h e  d i s c i p l i n e s  o f  p h y s i c s  and astronomy, t o  
develop exper iment  i n t e r f a c e  hardware f o r  materials p r o c e s s i n g ,  t o  deve lop  sounding r o c k e t  class 
pay loads  f o r  f l i g h t  on t h e  Space S h u t t l e ,  and t o  manage t h e  m i s s i o n  p l a n n i n g ,  i n t e g r a t i o n ,  and 
e x e c u t i o n  o f  a l l  NASA Spacelab and a t t a c h e d  payloads .  T h i s  p r o j e c t  also s u p p o r t s  t h e  development o f  
a l l  p h y s i c s  and astronomy exper iments ;  system management and e n g i n e e r i n g  development o f  f l i g h t  
equipment and s o f t w a r e ;  payload s p e c i a l i s t  t r a i n i n g  and s u p p o r t ;  p h y s i c a l  i n t e g r a t i o n  o f  t h e  pay loads  
w i t h  t h e  Space lab  system; o p e r a t i o n  o f  t h e  pay loads  i n  f l i g h t ;  d i s s e m i n a t i o n  o f  d a t a  t o  exper imente r s ;  
and a n a l y s i s  o f  p h y s i c s  and astronomy f l i g h t  d a t a .  I n  a d d i t i o n ,  t h i s  p r o j e c t  funds  t h e  m i s s i o n  
management e f f o r t s  f o r  a l l  NASA Space lab  and o t h e r  a t t a c h e d  payloads .  

I n s t r u m e n t s  are currently under development f o r  several S h u t t l e / S p a c e l a b  m i s s i o n s  w i t h  pr imary 
emphasis on p h y s i c s  and astronomy. These i n s t r u m e n t s  are d i v i d e d  i n  two classes: m u l t i- u s e r  
i n s t r u m e n t s  and p r i n c i p a l  i n v e s t i g a t o r  i n s t r u m e n t s .  The mul t i- use r  i n s t rumen t s  are t h o s e  i n s t r u m e n t s  
t h a t  have a broad c a p a b i l i t y ,  can accommodate a number o f  p r i n c i p a l  i n v e s t i g a t o r- f u r n i s h e d  
i n s t r u m e n t s ,  and have a l a r g e r  u s e r  community. The p r i n c i p a l  i n v e s t i g a t o r  i n s t r u m e n t s  are t h o s e  
proposed f o r  a s p e c i f i c  s c i e n t i f i c  i n v e s t i g a t i o n  by a s i n g l e  i n v e s t i g a t o r  who may n o t  have co- 
i n v e s t i g a t o r s .  

Three  u l t r a v i o l e t  t e l e s c o p e s  are c u r r e n t l y  i n  development l e a d i n g  t o  a l aunch  i n  March 1986 (ASTRO- 
1 ) .  T h i s  miss ion  is des igned  t o  conduc t  i n v e s t i g a t i o n s  i n  u l t r a v i o l e t  imaging,  spec t ropho tomet ry ,  and 
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p o l a r i m e t r y  a t  very h i g h  r e s o l u t i o n .  The ASTRO-1 miss ion  w i l l  a l s o  carry two wide- f ie ld  cameras, and 
w i l l  conduc t  unique sc ient i f ic  o b s e r v a t i o n s  of Halley's Comet i n  t h e  n e a r- e a r t h  environment.  ASTRO-1, 
a s  well as r e f l i g h t s  o f  t h i s  i n s t r u m e n t a t i o n ,  is d e s i g n e d  t o  a l l o w  s c i e n t i f i c  i n v e s t i g a t i o n s  o f  a 
broad range  o f  o b j e c t s ,  from nearby  comets  and p l a n e t s  t o  t h e  most d i s t a n t  q u a s a r s .  

Work is proceed ing  on i n s t r u m e n t s  f o r  t h e  S h u t t l e  High Energy A s t r o p h y s i c s  Lab (SHEAL). The i n i t i a l  
miss ion ,  SHEAL-1, which is planned f o r  f l i g h t  i n  early FY 1987,  w i l l  s t u d y  t h e  ce l e s t i a l  s o f t  x-ray 
background and o b t a i n  i n f o r m a t i o n  on t h e  l o c a l  i n t e r s t e l l a r  medium. I n s t r u m e n t s  f o r  a second m i s s i o n ,  
p lanned f o r  early FY 1989, i n c l u d i n g  a broad band x- ray t e l e s c o p e  and a n  a s s o c i a t e d  two- axis p o i n t i n g  
system, are a l s o  under development. 

I n i t i a l  i n s t r u m e n t  development work is  under way f o r  Space Plasma Lab (SPL) m i s s i o n s  p lanned  f o r  
f l i g h t  i n  t h e  early 1990 ' s .  These m i s s i o n s  are b e i n g  developed t o  u s e  t h e  E a r t h ' s  n a t u r a l  plasma 
environment  as a l a b o r a t o r y  t o  s t u d y  i n  d e t a i l  t h e  b e h a v i o r  o f  p lasmas as  t h e y  are  s u b j e c t e d  t o  a 
v a r i e t y  o f  p e r t u r b a n c e s .  

i4 i s s ion  management ac t iv i t i e s  are c o n t i n u i n g  on several s p a c e  s c i e n c e  and a p p l i c a t i o n s  m i s s i o n s .  
Examples i n c l u d e  t h e  E a r t h  Observa t ion  Miss ion  ( E M ) ,  t h e  first o f  which is schedu led  f o r  l aunch  i n  
August 1966,  and t h e  Materials S c i e n c e  L a b o r a t o r i e s ,  which comprise  a series o f  material s c i e n c e s  
exper iments .  Miss ion  management ac t iv i t i e s  a l s o  i n c l u d e  i n t e g r a t i o n ,  b o t h  a n a l y t i c a l  and p h y s i c a l ,  
f o r  o t h e r  (non-OSSA) payloads .  For example, t h e  Space S t a t i o n  Heat P i p e  Advanced R a d i a t o r  Element 
h e a t  p i p e  exper iment  payload is a test  o f  a r a d i a t o r  system which h a s  h i g h  p o t e n t i a l  f o r  fu tu re  space-  
borne  h e a t  r e j e c t i o n  systems. 

Spacelab- 2 and Spacelab- 3 were flown successfully i n  A p r i l  and J u l y  o f  1Yb5. A n a l y s i s  o f  s c i e n t i f i c  
d a t a  from t h e s e  d e d i c a t e d  s p a c e l a b  f l i g h t s  c o n t i n u e s  w i t h  s i g n i f i c a n t  r e s u l t s  expec ted  i n  FY 1986. 

CHANGES FRM FY 1986 BUDGET ESTIMATE 

The d e c r e a s e  i n  t h e  FY 1986 e s t i m a t e d  budget  is c o n s i s t e n t  w i t h  C o n g r e s s i o n a l  d i r e c t i o n  and reflects 
a d e c i s i o n  n o t  t o  deve lop  SOT a t  t h i s  time. 
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BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, miss ion  management o f  t h e  ongoing Space lab  mi s s ions  w i l l  be  con t inued .  Mi s s ion  
management f o r  t h e  non- physics and astronomy m i s s i o n s  i n c l u d e s  a l l  Space l ab  e f f o r t s  e x c e p t  i n s t r u m e n t  
development and d a t a  a n a l y s i s .  These i n c l u d e  t h e  Space Life S c i e n c e s  Lab and t h e  I n t e r n a t i o n a l  
Mic rog rav i t y  Lab, b o t h  o f  which are scheduled  fo r  i n i t i a l  f l i g h t  i n  1987. Development o f  i n s t r u m e n t s  
f o r  t h e  Space Plasma Lab w i l l  c o n t i n u e ,  a s  w i l l  development o f  i n s t r u m e n t s  fo r  t h e  S h u t t l e  High Energy 
As t rophys i c s  Lab and for  t h e  ASTRO series. FY 1987 funding  is a l so  r e q u i r e d  f o r  t h e  development and 
o p e r a t i o n s  o f  low- cost sounding r o c k e t  c lass  pay loads  which w i l l  be  flown on t h e  Space S h u t t l e  t o  
p r o v i d e  more f l i g h t  o p p o r t u n i t i e s  f o r  t h e  s c i e n c e  community. 
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& W S  OF FY 1987 W I N G  REQUIREMENT 

EXPLORER DEVELOPMENT 

1986 1987 
_I 

1985 Budget Cur ren t  Budget 
Ac tua l  Est imate Est imate Est imate 

(Thousand o f  D o l l a r s )  

.... Cosmic background explorer........ 30,570 25,400 24,900 16,700 
Extreme u l t r a v i o l e t  exp lo re r  .......... 13,426 24,100 15, YO0 32,40C1 
Roentgen s a t e l l i t e  experiments........ 1,200 2,200 2,200 1,500 
Combined re lease  ana r a d i a t i o n  e f f e c t s  

Heavy n u c l e i  collector................ 2,900 3,300 1,700 1,300 
satellite........................... 1,500 --- 3,300 2,200 

Other explorers....... ................ 2,3C14 200 2,700 2,600 

Total............................... 2- 51  900 2- 55 200 50,700 56,700 

M iss ion  opera t ions  and data ana l ys i s  (19,761) ( 19,700 (18,700) (23,100) 

Transpor ta t ion  system operat ions (4,6(10 ( 17,700 ) (17, dC1O ) (30, 90U ) 

OBJECTIVES I_ AND STATUS 

The Exp lo re r  program prov ides  the  p r i n c i p a l  means of conduct ing i n v e s t i g a t i o n s  o f  s t e l l a r  phys ics  
and o f  t h e  near-Earth i n t e r p l a n e t a r y  environment t h a t  have l i m i t e d  s p e c i f i c  ob jec t i ves  and t h a t  do n o t  
r e q u i r e  major observator ies. Inc luded i n  the  present  program a re  s tud ies  of atmospheric and 
magnetospheric physics;  the  seve ra l  magnetospheric boundaries; i n t e r p l a n e t a r y  phenomena; cosmic r a y  
i nves t i ga t i ons ;  and x-ray, u l t r a v i o l e t  and i n f r a r e d  astronomy. S tud ies  a re  conducted t o  de f i ne  f u t u r e  
h i g h  p r i o r i t y  science exp lo re r  missions. NASA engages i n  cooperat ive miss ions wi th o ther  f e d e r a l  
agencies and o ther  na t i ons  whenever such cooperat ion w i l l  a s s i s t  i n  ach iev ing  the  miss ion  ob jec t i ves .  

So la r  t e r r e s t r i a l  and atmospheric exp lo re rs  p rov ide  the  means f o r  conduct ing s tud ies  o f  the  E a r t h ' s  
near-space environment. The program requ i res  a wide v a r i e t y  o f  s a t e l l i t e s  i n  o r b i t s  extending from 
the  very lowest  reaches of  the  upper atmosphere t o  the  i n t e r p l a n e t a r y  medium beyond the  E a r t h ' s  
magnetosphere. 
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A s t r o p h y s i c s  e x p l o r e r s  have been i n s t r u m e n t a l  i n  conduc t ing  t h e  f irst  a s t r o n o m i c a l  sky surveys i n  
t h e  gamma ray, x-ray, u l t r a v i o l e t ,  i n f r a r e d ,  and low frequency r a d i o  r e g i o n s  o f  t h e  e l e c t r o m a g n e t i c  
spect rum.  

I n  FY 1986, development w i l l  c o n t i n u e  on t h e  Cosmic Background Explore r  (COBE), t h e  Extreme 
U l t r a v i o l e t  E x p l o r e r  (EUVE), and on t h e  x- ray imaging i n s t r u m e n t  t o  be  flown on t h e  German Roentgen 
S a t e l l i t e  (ROSAT). COBE w i l l  carry o u t  a d e f i n i t i v e ,  a l l - s k y  e x p l o r a t i o n  o f  t h e  i n f r a r e d  background 
r a d i a t i o n  o f  t h e  u n i v e r s e  between t h e  wavelengths  o f  1 micrometer and 9.6 millimeters. The de ta i l ed  
i n f o r m a t i o n  which COBE w i l l  p r o v i d e  on t h e  s p e c t r a l  and s p a t i a l  d i s t r i b u t i o n  o f  low energy background 
r a d i a t i o n  is  expec ted  t o  y i e l d  s i g n i f i c a n t  i n s i g h t  i n t o  t h e  b a s i c  cosmolog ica l  q u e s t i o n s  o f  t h e  o r i g i n  
and e v o l u t i o n  o f  t h e  un ive r se .  Funding i n  FY 1966 w i l l  c o n t i n u e  development and t e s t i n g  o f  t h e  three 
COBE i n s t r u m e n t s  and t h e  s p a c e c r a f t  system. Miss ion  d e s i g n  work w i l l  c o n t i n u e  i n  FY 1986 on EUVE, 
which w i l l  carry o u t  t h e  first  d e t a i l e d  a l l - s k y  su rvey  o f  ext reme u l t r a v i o l e t  r a d i a t i o n  between 100 
and 900 angstroms--a h i t h e r t o  unexplored p o r t i o n  o f  t h e  e l e c t r o m a g n e t i c  spectrum. I n  1989 t h e  EUVE 
miss ion  w i l l  be launched u s i n g  f l i g h t  systems r e t u r n e d  from t h e  t h e n  completed S o l a r  Maximum Miss ion  
(SMM). The EUVE/SMM s p a c e c r a f t  bus  system w i l l  be a v a i l a b l e  f o r  i n - o r b i t  change-out o f  i n s t r u m e n t s ,  
t h u s  a l l o w i n g  t h e  reuse o f  t h e  o r i g i n a l  S M M  s p a c e c r a f t  f o r  m i s s i o n s  l i k e  t h e  X-Hay Timing E x p l o r e r ,  
ROSAT a c o o p e r a t i v e  p r o j e c t  between t h e  F e d e r a l  Repub l ic  of  Germany and t h e  Uni ted  S t a t e s ,  w i l l  
perform h i g h  r e s o l u t i o n  imaging s t u d i e s  o f  t h e  x-ray sky.  The Uni ted  S t a t e s  w i l l  p r o v i d e  t h e  
i n s t r u m e n t  and l aunch  services, and Germany w i l l  p r o v i d e  t h e  s p a c e c r a f t  and o t h e r  i n s t r u m e n t a t i o n .  

The Combined Release and R a d i a t i o n  E f f e c t s  S a t e l l i t e  (CHRES) w i l l  be a NASA s c i e n t i f i c  exper iment  
f lown on an Air Force  miss ion  i n  1988. The NASA CRRES exper iment  w i l l  be chemical  releases i n  o r b i t  
t o  be  observed from ground- and a i rborne- based  i n s t r u m e n t s .  The Heavy Nuclei C o l l e c t o r  (HNC) w i l l  
c o n s i s t  o f  an array o f  p a s s i v e  comic ray d e t e c t o r s  t o  f l y  on t h e  second Long-Duration Exposure 
F a c i l i t y  (LDEF). Scheduled f o r  l a u n c h  i n  1986, t h e  San Marco-D m i s s i o n ,  a c o o p e r a t i v e  p r o j e c t  w i t h  
I t a l y ,  w i l l  i n c l u d e  a group of  U.S. exper iments  t o  s t u d y  t h e  r e l a t i o n s h i p  between s o l a r  a c t i v i t y  and 
t h e  E a r t h ' s  m e t e r o l o g i c a l  phenomena. FY 1986 fund ing  w i l l  a l s o  s u p p o r t  d e f i n i t i o n  s t u d i e s  o f  
p o t e n t i a l  f u t u r e  e x p l o r e r  m i s s i o n s ,  i n c l u d i n g  t h e  X-Ray Timing E x p l o r e r  and t h e  Far U l t r a v i o l e t  
Spec t roscopy  Explore r .  

CHANGES FROM FY 1986 BUDGET ESTIMATE 

The t o t a l  funding f o r  e x p l o r e r s  i n  FY 1986 was reduced by $4.5 m i l l i o n  p r i m a r i l y  t o  accommodate 
con t inued  technology ac t iv i t i e s  f o r  t h e  G r a v i t y  Probe-B. I n  a d d i t i o n  r e a l l o c a t i o n s  were made between 
i n d i v i d u a l  e x p l o r e r s  t o  meet miss ion  r e q u i r e m e n t s  and t o  r e s t o r e  Advanced Study funding.  
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USIS OF FY 1987 ESTIMATE 

The FY 1987 funding i s  r e q u i r e d  t o  con t inue  COBE i n t e g r a t i o n  and t e s t ,  t o  complete the  Un i ted  
S ta tes '  ins t rument  a c t i v i t i e s  on ROSAT, and t o  con t inue  the  CRRES and HNC developments. I n  a d d i t i o n  
development f o r  the EUVE w i l l  cont inue,  i n c l u d i n g  p r e p a r a t i o n  f o r  t h e  recovery o f  t he  SMM spacecra f t  
and i n t e r f a c e  d e f i n i t i o n  f o r  the  EUVE/SMM bus. 
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BASIS OF FY 1987 W I N G  REQUIREMENT 

MISSION OPERATIONS AND DATA ANALYSIS 

High energy astronomy o b s e r v a t o r y  
extended mission.................... 

S o l a r  maximum miss ion  extended 
mission............................. 

S o l a r  maximum miss ion  r e t r i e v a l / r e p a i r  
mission............................. 

Hubble Space Te lescope  operations. . . . .  
Hubble Space Telescope maintenance and 

refurbishment....................... 
Explorers............................. 

Total............................... 

1985 
Actual 

5,632 

1,507 

7,500 
54,100 

20,600 
19,761 

109,100 

1986 
Budget C u r r e n t  

Estimate Estimate 
(Thousands o f  Dollars) 

4,500 4,700 

4,3w 3,500 

3,400 3,4011 
57,300 57,3IlO 

30,700 30,400 
18 700 19,700 - d- 

118, Iloo - 119,900 

1987 
Budget 

Estimate 

3,500 

8,500 

--- 
68,500 

69,100 
23,100 

172,700 ---- 
OBJECTIVES AN) STATUS 

The purpose  o f  t h e  miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  e f f o r t  is t o  conduct  o p e r a t i o n s  and a n a l y z e  
d a t a  r e c e i v e d  from t h e  p h y s i c s  and astronomy s p a c e c r a f t  a f t e r  launch.  The program a l s o  s u p p o r t s  t h e  
c o n t i n u e d  o p e r a t i o n  o f  a number o f  s p a c e c r a f t  a f te r  t h e i r  o r i g i n a l l y  p lanned o b j e c t i v e s  have been 
ach ieved ,  f o r  purposes  o f  conduc t ing  s p e c i f i c  i n v e s t i g a t i o n s  t h a t  have c o n t i n u i n g ,  h igh s c i e n t i f i c  
s i g n i f i c a n c e .  The funding s u p p o r t s  t h e  data a n a l y s i s  ac t iv i t i e s  o f  t h e  many i n v e s t i g a t o r s  a t  
u n i v e r s i t i e s  and o t h e r  r e s e a r c h  o r g a n i z a t i o n s  a s s o c i a t e d  wi th  a s t r o p h y s i c s  and s o l a r  t e r res t r i a l  
o p e r a t i o n a l  s a t e l l i t e  p r o j e c t s .  Actual s a t e l l i t e  o p e r a t i o n s ,  i n c l u d i n g  o p e r a t i o n  c o n t r o l  c e n t e r s  and 
r e l a t e d  d a t a  r e d u c t i o n  and e n g i n e e r i n g  s u p p o r t  ac t iv i t i e s ,  are t y p i c a l l y  c a r r i e d  o u t  under a var ie ty  
of miss ion  s u p p o r t  o r  c e n t e r  s u p p o r t  c o n t r a c t s .  

I n  a d d i t i o n  t o  t h e  normal s u p p o r t  r e q u i r e d  f o r  miss ion  o p e r a t i o n s ,  t h e  Hubble Space Te lescope  
program encompasses several unique a s p e c t s  which must be provided f o r  i n  advance o f  t h e  launch.  The 
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Hubble Space Telescope i s  designed t o  operate f o r  more than a decade, us ing  the  Space S h u t t l e / O r b i t a l  
Maneuvering Veh ic le  combination and/or Space S t a t i o n  f o r  on- orb i t  maintenance o f  t he  spacec ra f t  and 
i n - o r b i t  changeout o r  r e p a i r  o f  the s c i e n t i f i c  instruments.  

The Hubble Space Telescope w i l l  be used p r i m a r i l y  by observers se lec ted  on the  b a s i s  o f  proposals 
submi t ted  i n  response t o  p e r i o d i c  s o l i c i t a t i o n s .  Science opera t ions  w i l l  be c a r r i e d  out through an 
independent Hubble Space Telescope Science I n s t i t u t e .  The I n s t i t u t e  w i l l  operate under a long- term 
c o n t r a c t  w i t h  NASA. While NASA w i l l  r e t a i n  o p e r a t i o n a l  r e s p o n s i b i l i t y  for the observatory, t he  
I n s t i t u t e  w i l l  implement NASA p o l i c i e s  i n  the  area o f  p lanning,  management, and schedul ing o f  t he  
s c i e n t i f i c  opera t ions  o f  the Hubble Space Telescope. 

CHANGES FROM FY 1986 BU)GET ESTIMATE 

The t o t a l  funding i n  FY 1986 was decreased by $1.9 m i l l i o n  p r i m a r i l y  t o  accommodate cont inued 
technology a c t i v i t i e s  f o r  the G r a v i t y  Probe-6. I n  a d d i t i o n  a r e a l l o c a t i o n  was made t o  meet HEAO da ta  
a n a l y s i s  requirements. 

BASIS OF FY 1987 ESTIMATE 

Dur ing  FY 1387, t he  f i r s t  year o f  Hubble Space Telescope (HST) o p e r a t i o n a l  use, HST m iss ion  
opera t ions  and data  a n a l y s i s  fund ing w i l l  p r i m a r i l y  prov ide f o r  s c i e n t i f i c  research and p r e p a r a t i o n  
f o r  the f i r s t  planned maintenance mission.  Research funds w i l l  be granted t o  approximately 125 
research teams se lec ted  f o r  t h i s  i n i t i a l  per iod .  Research and p u b l i c a t i o n  o f  r e s u l t s  w i l l  be done a t  
b o t h  the  Space Telescope Science I n s t i t u t e  and a t  researcher ' s  home i n s t i t u t i o n s .  Funds a l so  p rov ide  
f o r  an opera t ions  miss ion con t rac to r ,  ground system maintenance and enhancement, design and 
development o f  second genera t ion  s c i e n t i f i c  ins t ruments  and development of o r b i t a l  replacement un i ts  
r e q u i r e d  d u r i n g  se rv i c ing .  FY 1987 funds w i l l  p rov ide support  f o r  the  cont inued miss ion opera t ions  
and data a n a l y s i s  a c t i v i t i e s  fo r  the I n t e r n a t i o n a l  U l t r a v i o l e t  Exp lorer  and the Solar  Maximum Mission,  
cont inued a n a l y s i s  o f  the  ex tens ive  data  obta ined by the I n f r a r e d  Astronomical  S a t e l l i t e  and the  High 
Energy Astronomy Observator ies (HEAO). The FY 1987 funding w i l l  p rov ide  f o r  the cont inued support  o f  
the  data  a n a l y s i s  and Guest I n v e s t i g a t o r  programs on the HEAO-2 and -3 Missions. 
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BASIS (Y FY 19456 FUNDING REQUIREMENT 

RESEARCH AND ANALYSIS 

Suppor t ing research and technology..,. 
(G rav i t y  Probe-B D e f i n i t i o n )  ......... 
Advanced technology development....... 
Data analysis...... ................... 

1986 
1985 Budget Current  

Ac tua l  Est imate Est imate 
(Thousands o f  Dollars) 

22,300 27,900 3u,7u0 
(3,900 1 (UXJ 1 (9 ,000 1 
12,100 8,500 15,100 

5,500 5,900 5,700 

39,900 42,300 - 51,50C1 

1987 
Budget 

Est imate 

30,3UU 

14 , 600 
6,200 

51,100 

(9,000 ) 

OBJECTIVES AND STATUS 

This program prov ides f o r  the  research and technology base necessary t o  def ine,  p l a n  and suppor t  
f l i g h t  p ro j ec t s .  P re l im ina ry  s t ud ies  t o  d e f i n e  miss ions and/or payload requirements are c a r r i e d  out,  
as are t h e o r e t i c a l  and ground-based suppor t ing  research and advanced technology development (ATD) . 
A c t i v i t i e s  inc luded  are suppor t ing  research and technology (SR&T), ATD, and data  ana lys is .  

’ 

o Suppor t ing Research and Technoloqy (SH&T): The o b j e c t i v e s  o f  suppor t ing  research and technology 
are to:  (1) opt imize the  r e t u r n  expected from f u t u r e  miss ions by problem d e f i n i t i o n ,  development 
o f  advanced ins t rumenta t ion  and concepts, and sound d e f i n i t i o n  o f  proposed new missions; (2 )  
enhance t he  value of c u r r e n t  space miss ions by c a r r y i n g  o u t  complementary and supplementary 
ground-based observat ions and l abo ra to r y  experiments; (3 )  develop t h e o r i e s  t o  e x p l a i n  observed 
phenomena and p r e d i c t  new ones; and (4) s t rengthen t he  t echno log i ca l  base for sensor and 
i ns t r umen ta t i on  development and conduct the  bas ic  research necessary t o  suppor t  our understanding 
o f  as t rophys ics  and s o l a r - t e r r e s t r i a l  r e l a t i o n s h i p s .  

Research i s  supported i n  the d i s c i p l i n e s  o f  astronomy, as t rophys ics ,  g r a v i t a t i o n a l  physics,  and 
s o l a r  and he l i osphe r i c  physics.  Research i n  astronomy and as t rophys ics  i nvo l ves  t he  study of 
s t a r s ,  ga lax ies ,  i n t e r s t e l l a r  and i n t e r g a l a c t i c  mat ter ,  and cosmic rays, The work i n  s o l a r  and 
he l i osphe r i c  phys ics  i nvo l ves  the  study o f  t he  s o l a r  atmosphere and t he  in f luence  o f  t he  Sun on 
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i n t e r p l a n e t a r y  phenomena. The theory  a c t i v i t i e s  are r e l a t e d  t o  a l l  t he  Physics and Astronomy 
d i s c i p l i n e s  and a re  c r i t i c a l  t o  t he  c o r r e l a t i o n  o f  a v a i l a b l e  in fo rmat ion .  The SR&T fund ing w i l l  
p rov ide  f o r  con t i nua t i on  of d e f i n i t i o n  work on Grav i t y  Probe-6. The development o f  new 
instruments,  l abo ra to r y  and t h e o r e t i c a l  s t ud ies  o f  bas ic  p h y s i c a l  processes, and observat ions by 
ground-based and bal loon- borne ins t ruments  w i l l  a l so  be continued. Resu l t s  achieved i n  the  SR&T 
program w i l l  have a d i r e c t  bear ing  on f u t u r e  f l i g h t  programs. For  example, t he  development of 
advanced X-ray, u l t r a v i o l e t ,  and i n f r a r e d  astronomy imaging dev ices under t h i s  program w i l l  
p robably  enable spacecra f t  t o  c a r r y  ins t ruments  f o r  as t ronomica l  observat ions which have 
increases o f  orders  o f  magnitude i n  s e n s i t i v i t y  and improved r e s o l u t i o n  over c u r r e n t l y  a v a i l a b l e  
detectors .  

The SR&T program c a r r i e s  ou t  i t s  o b j e c t i v e s  through u n i v e r s i t i e s ,  n o n- p r o f i t  and i n d u s t r i a l  
research i n s t i t u t i o n s ,  NASA cen te rs  and o ther  government agencies. Current  emphasis i s  be ing  
p laced on s tud ies  of advanced i ns t r umen ta t i on  w i t h  increased s e n s i t i v i t y  and r e s o l u t i o n .  

o Advanced Technolog ica l  Development (ATD) : The advanced t echno log i ca l  development a c t i v i t i e s  
suppor t  d e t a i l e d  p lann ing  and d e f i n i t i o 7  o f  new p o t e n t i a l  phys ics  and astronomy missions. ATD 
a c t i v i t i e s  assure t h a t  f u t u r e  miss ions address the  s c i e n t i f i c  quest ions most impor tan t  t o  t h e  
e v o l u t i o n  o f  knowledge i n  the  f i e l d ,  and t h a t  those miss ions use t he  appropr ia te  technology and 
techniques. Funding i s  app l i ed  t o  t h e  d e f i n i t i o n  and p r e l i m i n a r y  design f o r  s p e c i f i c  miss ions o r  
subsystems/elements c r i t i c a l  t o  eventua l  m iss ion  development i n  order  t h a t  t e c h n i c a l  read iness 
and resources may be adequately de f i ned  be fo re  t he  miss ions are proposed f o r  implementation. 

Candidate missions f o r  the 1980's and e a r l y  1990's t h a t  r e q u i r e  ATD a c t i v i t i e s  i n c l u d e  the  
Advanced X-Ray Ast rophys ics  F a c i l i t y  (AXAF) and t he  Space I n f r a r e d  Telesope F a c i l i t y  (SIRTF) . 
The AXAF mission, which i s  t he  f i r s t  p r i o r i t y  new miss ion recommendation i n  astronomy by t he  
N a t i o n a l  Academy o f  Sciences, w i l l  s tudy s t e l l a r  s t r u c t u r e  and evo lu t ion ,  a c t i v e  ga lax ies ,  
c l u s t e r s  o f  ga lax ies  and cosmology. The AXAF's imaging X-ray te lescope i s  planned t o  have a 
s e n s i t i v i t y  approximately 100 t imes t h a t  o f  HEAO-2 and a r e s o l u t i o n  increase o f  nea r l y  a f a c t o r  
o f  twenty. The SIRTF w i l l  observe f a i n t ,  c o o l  i n f r a r e d  sources i n  the  un iverse and s i g n i f i c a n t l y  
b u i l d  on t he  I R A S  science foundation. Major  Spacelab payloads be ing considered for  f u t u r e  
miss ions and r e q u i r i n g  advanced t echno log i ca l  development suppor t  i n c l ude  the  P inho le /Occu l ter  
F a c i l i t y ,  a de tec to r  f o r  imaging hard X-rays. Dur ing  FY 1986, major  emphasis w i l l  be on t he  AXAF 
compet i t i ve  Phase 6 d e f i n i t i o n  as w e l l  as cont inued t echno log i ca l  p repa ra t i on  f o r  SIRTF. 

o Data Analysis:  The a c q u i s i t i o n ,  ana l ys i s  and eva lua t i on  o f  data  represents  the  pr imary  purpose 
labora to ry ,  ba l loon,  r o c k e t  and spacecra f t  a c t i v i t i e s .  While a cons iderab le  amount o f  
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a n a l y s i s  i s  done d u r i n g  the  pr ime p r o j e c t  phase, exper ience has shown t h a t  cons iderab ly  more t ime  
i s  r e q u i r e d  t o  reap the  f u l l  b e n e f i t  from these programs. This w i l l  come about o n l y  when t h e  
da ta  i s  c o r r e l a t e d  wi th  o the r  p r o j e c t s ,  when d e t a i l e d  cause-and-effect s t u d i e s  a r e  made with da ta  
s e t s  from other  sources, when very  long- term (e.g., one s o l a r  c y c l e )  e f f e c t s  can be s t u d i e d  by 
us ing  complementary s e t s  o f  data, and when new ideas  t h a t  o r i g i n a t e  from the r e s u l t s  o f  t h e  
i n i t i a l  a n a l y s i s  can be tested.  For  example, as t ronomica l  image process ing f a c i l i t i e s  have been 
developed t o  take advantage o f  h i g h  technology developed under the  Landsat and p lane ta ry  
programs. This technology a l l ows  astronomers t o  e x t r a c t  a maximum amount o f  i n f o r m a t i o n  from t h e  
data  they o b t a i n  from standard photographic emulsions and more advanced imaging techniques such 
as t h e  charge-coupled devices now be ing  ground t e s t e d  for use on t h e  Hubble Space Telescope. 

CHANGES FROM FY 1906 BUDGET ESTIMATE 

The t o t a l  funding i n  FY 1986 was increased by $9.2 m i l l i o n  p r i m a r i l y  t o  accommodate the  cont inued 
technology a c t i v i t i e s  f o r  G r a v i t y  Probe-B. I n  a d d i t i o n  r e a l l o c a t i o n s  were made t o  r e f l e c t  t h e  
Advanced X-Ray Ast rophys ics  F a c i l i t y  and Space I n f r a r e d  Telescope F a c i l i t y  e f f o r t s  i n  FY 1986. 

BASIS OF FY 1907 ESTIMATE 

Dur ing  FY 1987, the  suppor t i ng  research and technology program w i l l  suppor t  those tasks  which 
c o n t r i b u t e  t o  ma in ta in ing  a f i r m  base f o r  a v i a b l e  phys ics  and astronomy program. FY 1987 fund ing  
w i l l  a l s o  support  cont inued s t u d i e s  on f u t u r e  p o t e n t i a l  candidate miss ions such as the  Advanced X-ray 
Ast rophys ics  F a c i l i t y  and the  Space I n f r a r e d  Telescope F a c i l i t y .  I n  t h e  data  a n a l y s i s  a c t i v i t i e s  t o  
be c a r r i e d  out  a t  u n i v e r s i t y  and government research cen te rs  i n  FY 1987, emphasis w i l l  be p laced on 
c o r r e l a t i v e  s t u d i e s  i n v o l v i n g  data  acqu i red from severa l  sources (spacecra f t ,  bal loons,  sounding 
rockets ,  research a i r c r a f t  and ground observator ies) .  The G r a v i t y  Probe-5 a c t i v i t i e s  i n  FY 1987 a re  
designed t o  v e r i f y  the  e n t i r e  GP-B design, l e a d i n g  t o  conf idence i n  the i n f o r m a t i o n  necessary t o  
decide i f  we should enter  i n t o  the  nex t  phase o f  design and development a c t i v i t i e s .  
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BASIS OF FY 1987 FUNDING REQUIREMENT 
___---I_--- I-- 

SUBORBITAL PROGRAMS 

1986 
-II--_I- 

1985 Budget Cur ren t  
Ac tua l  Est imate Est imate 

(Thousands o f  Dm 

Sounding rockets...................... 25,680 25,700 25,400 
Ai rborne  science and a p p l i c a t i o n s  ..... 22,000 23,400 26,300 
Bal loon  program....................... 6,767 7,6013 6,100 ............................... 5 700 5,700 Spartan 4,253 2- 

-- 63,500 --- 62,400 -__- 58,700 -__- --- Total............................... 

1967 
Budget 

Es t  i m  a t  e 

26,500 
24,100 
7,900 
5,900 

64,400 -___ 

OBJECTIVES AND STATUS 
-I-- - ---- 

The s u b o r b i t a l  program uses ba l loons ,  a i r c r a f t ,  and sounding rocke t s  t o  conduct v e r s a t i l e ,  
r e l a t i v e l y  low cos t  research o f  the  E a r t h ’ s  ionosphere and magnetosphere, space plasma phys ics,  
s t e l l a r  astronomy, s o l a r  astronomy, and h i g h  energy ast rophys ics.  A c t i v i t i e s  are conducted on bo th  a 
domestic and an i n t e r n a t i o n a l  cooperat ive bas is .  

o Sounding Rockets: 
.-I__ -- 

A major o b j e c t i v e  of the sounding rocke t  program i s  t o  support  a coord inated research e f f o r t .  
Sounding rocke ts  are un ique ly  s u i t e d  for  per forming low a l t i t u d e  measurements (between b a l l o o n  
and spacecra f t  a l t i t u d e )  and f o r  measuring v e r t i c a l  v a r i a t i o n s  o f  many atmospheric parameters. 
Spec ia l  areas o f  study supported by t he  sounding rocke t  program i nc l ude  the  nature,  
c h a r a c t e r i s t i c s ,  and composi t ion o f  the magnetosphere and near space; the  e f f e c t s  o f  incoming 
energe t i c  p a r t i c l e s  and s o l a r  r a d i a t i o n  on t he  magnetosphere, i n c l u d i n g  the  p roduc t ion  o f  aurorae 
and the coup l ing  o f  energy i n t o  the  atmosphere; and the nature,  c h a r a c t e r i s t i c s ,  and spec t ra  o f  
r a d i a t i o n  of the Sun, s t a r s  and o ther  c e l e s t i a l  ob jec ts .  

A d d i t i o n a l l y ,  the  sounding rocke t  program prov ides  the phys ics and astronomy program w i t h  the 
means for f l i g h t  t e s t i n g  ins t ruments  and experiments be ing developed f o r  l a t e r  f l i g h t  on the  
Shutt le/Spacelab and space probes and f o r  c a l i b r a t i n g  and ob ta i n i ng  v e r t i c a l  p r o f i l e s  i n  concer t  
wi th c u r r e n t  o r b i t i n g  spacecraf t .  

RD 3-19 



O f  s i g n i f i c a n t  i n t e r e s t  was a campaign i n  Greenland i n  FY 1985 t o  be fo l l owed  by an a d d i t i o n a l  
campaign i n  FY 1987. Two launches w i l l  be conducted i n  FY 1986 t o  observe Ha l l eys  Comet. 

0 Airborne Science and ADDliCatiOnS: 

Research with ins t rumented j e t  a i r c r a f t  has been an i n t e g r a l  p a r t  o f  the  o v e r a l l  NASA program i n  
phys ics  and astronomy s ince  1965. For  astronomy research, t he  a i r bo rne  science and a p p l i c a t i o n s  
program u t i l i z e s  a C-141 ins t rumented w i t h  a 91- centimeter i n f r a r e d  telescope. The C-141 "Kuiper 
A i rborne Observatory", which began ope ra t i ona l  f l i g h t s  i n  1974, i s  a f u l l - s c a l e ,  manned 
f a c i l i t y .  This a i r c r a f t  p rov ides  a l a r g e  payload capac i t y  and f a c i l i t i e s  f o r  ex tend ing 
observat ions over any r e g i o n  o f  t he  Ear th ,  and can operate  a t  h i gh  a l t i t u d e s  (nea r l y  13 
k i l ome te r s ) ,  i n  order  t o  p rov i de  a c loud- f ree  s i t e  for ast ronomica l  observat ions and a u r o r a l  
geophysics experiments. The p o s s i b i l i t y  o f  conduct ing observat ions a t  t h i s  a l t i t u d e ,  above most 
o f  t h e  in f ra red- absorb ing  water vapor o f  the  E a r t h ' s  atmosphere, has been e s s e n t i a l  i n  expanding 
ast ronomica l  observat ions i n  t he  i n f r a r e d  reg ion  o f  t h e  e lec t romagnet ic  spectrum from one 
micrometer t o  hundreds o f  micrometers. 

I n  FY 1985 approximately 70 science f l i g h t s  were flown with t he  C-141 t o  make f a r - i n f r a r e d  
observat ions,  i n c l u d i n g  e x p l o r a t i o n  o f  the  s ta r- fo rm ing  reg ions  and o f  o ther  areas i n  our own 
galaxy. A s t r ong  i n f r a r e d  source was detected near the  g a l a c t i c  center ,  suggest ing the  presence 
o f  a b lack hole. I n  FY 1986, nea r l y  8U f l i g h t s  are planned, i n c l u d i n g  an exped i t i on  t o  A u s t r a l i a  
i n  t he  sp r i ng  i n  order  t o  make d e t a i l e d  observat ions o f  Comet Ha l l ey  near p e r i h e l i o n  and t o  study 
o ther  sources on ly  v i s i b l e  i n  the  southern hemisphere. C-141 observat ions i n  December 1986 have 
a l ready discovered the  presence o f  water vapor i n  Comet Hal ley .  

This program a l so  prov ides f l i g h t  support  t o  o ther  major segments o f  the  Space Science and 
App l i ca t i ons  program, with an a i r c r a f t  f l e e t  c u r r e n t l y  c o n s i s t i n g  o f  two U-ZC's, one ER-2, one 
L e a r j e t ,  and one C-13(1. I n  add i t i on ,  a replacement a i r c r a f t  i s  be ing  acquired t o  rep lace  the  CV- 
990 research f a c i l i t y ,  " Ga l i l eo  II", which was destroyed i n  a f i r e  i n  19b5. These a i r c r a f t  serve 
as t e s t  beds f o r  newly-developed i ns t r umen ta t i on  and permi t  t h e  demonstrat ion o f  new sensor 
concepts p r i o r  t o  t h e i r  f l i g h t  on s a t e l l i t e s  and the Spacelab. The data  acqu i red du r i ng  these 
f l i g h t s  are used t o  r e f i n e  a lgo r i thms and t o  develop ground data hand l ing  techniques. An example 
of such a c t i v i t i e s  i s  f l i g h t s  i n  the  ER-2/U-2C1s t o  acqu i re  s imula ted themat ic mapper data. 
Another p r i n c i p a l  use o f  ER-Z/U-ZC's i s  t o  acqu i re  s t r a t o s p h e r i c  a i r  samples and conduct _.- i n  s i t u  
measurements a t  a l t i t u d e  ranges above t he  c a p a b i l i t y  o f  more conven t iona l  a i r c r a f t  and below 
those o f  o r b i t i n g  s a t e l l i t e s .  Th is  c a p a b i l i t y  i s  impor tan t  i n  the  study o f  s t r a t o s p h e r i c  
t r a n s p o r t  mechanisms. 
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0 Ba l loon  Program: 

Fo r  the  development o f  s c i e n t i f i c  experiments f o r  space f l i g h t  and f o r  independent s c i e n t i f i c  
missions, i t  i s  d e s i r a b l e  t o  t e s t  t h e  ins t rumen ta t ion  i n  the  space r a d i a t i o n  environment and t o  
make observat ions  a t  a l t i t u d e s  which a r e  above most o f  t h e  water vapor i n  the  atmosphere, 
p a r t i c u l a r l y  fo r  observat ions  i n  i n f r a r e d ,  gamma ray,  and cosmic r a y  astronomy. I n  many 
ins tances  i t  i s  necessary, because of s i z e  and weight, as w e l l  as low cost ,  t o  f l y  these 
experiments on bal loons.  

I n  a d d i t i o n  t o  the  l e v e l  o f  e f f o r t  observ ing program, s i g n i f i c a n t  emphasis has and w i l l  be p laced 
on R&D e f f o r t s  t o  increase r e l i a b i l i t y  i n  f l i g h t  miss ions r e q u i r i n g  a heavy l i f t  c a p a b i l i t y  (1.e. 
g rea te r  than 35UO lbs). 

The b a l l o o n  program fund ing i s  r e q u i r e d  for  purchase o f  ba l loons,  hel ium, launch serv ices ,  
t r a c k i n g  and recovery, and maintenance and opera t ions  of t h e  N a t i o n a l  Science Ba l loon  F a c i l i t y  
(NSBF) a t  Pa les t i ne ,  Texas. This f a c i l i t y  suppor ts  the  launch o f  over 75 t o  t)O percen t  o f  NASA's 
b a l l o o n  payloads, and i t  i s  t h e  n a t i o n ' s  pr imary  means for  c a r r y i n g  o u t  l a r g e  s c i e n t i f i c  b a l l o o n  
operat ions.  Funding f o r  t h e  experiments which a r e  f lown on b a l l o o n s  i s  p rov ided  from suppor t i ng  
research and technology programs. 

o SDartan Proaram: 

The Spartans a r e  low- cost S h u t t l e  payloads f l own  as autonomous s u b s a t e l l i t e s  t o  be deployed and 
r e t r i e v e d  by the  Space Shu t t l e .  S i x  Spartan miss ions a re  c u r r e n t l y  under development, each with 
a d i f f e r e n t  s c i e n t i f i c  instrument.  Spartans a l l o w  t h e  accomplishment o f  s i n g l e ,  s p e c i f i c  
s c i e n t i f i c  o b j e c t i v e s  with e f f i c i e n c y  and s i m p l i c i t y .  The f i r s t  Spartan f l e w  s u c c e s s f u l l y  i n  
1985. I t  obta ined va luab le  new x-ray data  on the  nuc lear  r e g i o n  o f  our own galaxy and on the  
vas t  c l u s t e r  o f  ga lax ies  i n  t h e  c o n s t e l l a t i o n  Perseus. D e t a i l e d  a n a l y s i s  o f  t h i s  data  i s  
c u r r e n t l y  underway. The Spartan program w i l l  cont inue t o  mature wi th  a major  m i les tone  i n  1Yb6 
being t h e  launch o f  Spartan Hal ley ,  which w i l l  r eco rd  u l t r a v i o l e t  l i g h t  emi t ted  by t h e  comet's 
chemis t ry  when i t  i s  c l o s e s t  t o  the sun and most ac t i ve .  A t h i r d  Spartan mission,  t o  be f lown i n  
FY 1987, w i l l  c o n s i s t  of a 17- inch diameter So lar  Telescope and i n c l u d e  an u l t r a v i o l e t  
coronagraph and a wh i te  l i g h t  coronagraph t o  measure t h e  i n t e n s i t y  and s c a t t e r i n g  p r o p e r t i e s  o f  
s o l a r  l i g h t .  
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CHANGES FRM FY 1986 EUDGET ESTIMATES 

The t o t a l  funding i n  FY 1986 was i n c r e a s e d  by $1.1 m i l l i o n .  T h i s  i n c r e a s e  is a n e t  o f  a c t i o n s  t o  
p r o v i d e  6.9 m i l l i o n  w i t h i n  t h e  s u b o r b i t a l  program, p r i m a r i l y  t o  accommodate m o d i f i c a t i o n s  t o  t h e  
rep lacement  a i rcraf t  f o r  t h e  CV-990 which was d e s t r o y e d  i n  an a c c i d e n t .  

BASIS OF FY 1987 ESTIMATE 

FY 1987 funds  w i l l  p r o v i d e  f o r  c o n t i n u a t i o n  o f  t h e  sounding r o c k e t  program, f o r  c o n t i n u a t i o n  o f  t h e  
development of a f u l l  complement o f  S p a r t a n s  and f o r  t h e  c o n t i n u a t i o n  o f  t h e  b a l l o o n  program as  well 
as  management and o p e r a t i o n  o f  t h e  NSBF. T h i s  fund ing  is a l s o  r e q u i r e d  t o  c o n t i n u e  d e f i n i t i o n  
a c t i v i t i e s  on p o t e n t i a l  f u t u r e  long- dura t ion  b a l l o o n  f l i g h t s .  I n  FY 1987, t h e  Airborne  S c i e n c e  and 
A p p l i c a t i o n s  fund ing  w i l l  be used t o  c o n t i n u e  o p e r a t i o n  o f  t h e  Kuiper Ai rborne  Observa to ry ,  t o  f l y  t h e  
U-ZC's, ER-2, and Learjet t o  c o n t i n u e  i n f r a r e d  astronomy e x p l o r a t i o n ,  a c q u i r e  s t r a t o s p h e r i c  a i r  
samples ,  t e s t  newly developed i n s t r u m e n t a t i o n ,  p e r m i t  t h e  demons t ra t ion  o f  new s e n s o r  c o n c e p t s ,  etc. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE AND APPLICATIONS 

SUEEtARY OF RESOURCES REQUIREMENTS 

1986 
1985 Budget Current  

Ac tua l  Est imate Est imate 
m d s  o f  D w  

L i f e  sciences f l i g h t  experiments ...... 27,100 33,400 34, OUO ................. Research and ana l ys i s  - 35,200 38,600 35,900 

62 300 2-- Total............................... 

D i s t r i b u t i o n  o f  Program Amount By I n s t a l l a t i o n  

Johnson Space Center.................. 22,329 
Kennedy Space Center.................. 2,524 
Goddard Space F l i g h t  Center........... 310 

-I___-______--___ -I-------- ---__--______ 

J e t  Propu ls ion  Laboratory ............. 316 
Ames Research Center... ............... 25,709 

Langley Research Center............... 523 
Headquarters .......................... 10,539 

Na t i ona l  Space Technology Labora to r ies  50 

............................... 62,300 --- -- T o t a l  

26,550 
2,100 

200 
1,500 

28,850 
100 
6 00 

-L 12 100 

72 GOO 2- 

69,900 
I- 

22,058 
2,655 

383 
1,397 

27,859 
47 

495 
15,006 

A- 69 900 _-- 

LIFE SCIENCES PROGRAM 

1987 

Est imate 
Budget Page 

Number 

36,700 RD 4-5 
38,000 RD 4-7 

74,700 --- 

26,860 
2,695 

410 
1,575 

30,345 
55 

510 
12,250 

74 700 f-- 
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RESEARCH AND EVELOPUENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET W A R Y  

WFfCE OF SPACE SCIENCE AND APPLICATIONS LIFE SCIENCES PROGRAH 

P R O G M  OBJECTIVE AND JUSTIFICATION 

The goals o f  t he  L i f e  Sciences program are t o  p rov ide  a sound s c i e n t i f i c ,  medical, and t e c h n i c a l  
bas i s  fo r  sa fe  and e f f e c t i v e  manned space f l i g h t ,  and t o  advance t h e  understanding o f  t h e  bas i c  
mechanisms o f  b i o l o g i c a l  processes by us ing  the  unique c a p a b i l i t i e s  o f  the  space program. Resu l ts  
from the  research program are app l i ed  to: the  immediate needs i n  t h e  maintenance and h e a l t h  of t he  
ast ronauts;  understanding b i o l o g i c a l  mechanisms and the  response o f  b i o l o g i c a l  systems t o  
wgightlessness; t he  design o f  t he  advanced l i f e  support  systems f o r  use on f u t u r e  missions; and 
understanding the biosphere o f  the  p l a n e t  Earth, as w e l l  as the  o r i g i n ,  evo lu t i on ,  and d i s t r i b u t i o n  o f  
l i f e  i n  the  universe. 

The L i f e  Sciences program i s  the  key t o  developing a c a p a b i l i t y  t o  s u s t a i n  a permanent manned 
presence i n  space and t o  u t i l i z e  t h e  space environment t o  study l i v i n g  systems. These a c t i v i t i e s  
i n c l u d e  both  ground-based and space research e f f o r t s  which are mu tua l l y  suppor t i ve  and in tegra ted ,  and 
use a composite of d i s c i p l i n e s  and techniques i n  both  b io logy  and medicine t o  address space- related 
medical problems and fundamental b i o l o g i c a l  processes. 

The L i f e  Sciences research and ana lys i s  program inc ludes  f i v e  major elements: 1) space medicine, 
which i s  focused on the h e a l t h  and wel l- being o f  space crews by understanding and prevent ing  any 
adverse p h y s i o l o g i c a l  changes which occur i n  space f l i g h t  and upon r e t u r n  t o  earth; 2) advanced l i f e  
support  systems, which i s  a program o f  research and technology development f o r  l i f e  support systems 
necessary t o  main ta in  l i f e  i n  space autonomously f o r  l ong  per iods  o f  time; 3)  g r a v i t a t i o n a l  b io logy ,  
which cons i s t s  o f  f l i g h t  and ground-based experiments t h a t  focus on us ing  m ic rog rav i t y  as a b i o l o g i c a l  
research t o o l  t o  understand bas ic  mechanisms o f  t he  e f f e c t s  o f  m ic rog rav i t y  on p l a n t s  and animals; 4) 
exobiology research, which i s  d i r e c t e d  toward understanding the  o r i g i n  and d i s t r i b u t i o n  o f  l i f e  and 
l i f e - r e l a t e d  molecules on Ear th  and throughout the  universe; and 5 )  b iospher i c  research, which i s  
d i r e c t e d  toward understanding the i n t e r a c t i o n  between l i f e  on Ear th  and i t s  p h y s i c a l  and chemical 
environment. 
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The g o a l s  o f  t h e  Space Medicine program are t o  a s s u r e  s p a c e  crew members' h e a l t h  and a b i l i t y  t o  
f u n c t i o n  e f f e c t i v e l y  i n  t h e  s p a c e  environment.  I n  t h e  f u t u r e ,  e x p e r i e n c e  ga ined  from medical  
o p e r a t i o n s  i n  s p a c e  f l i g h t  w i l l  a l l o w  a b roader  segment o f  t h e  p o p u l a t i o n  t o  p a r t i c i p a t e  i n  a l l  
a s p e c t s  of s p a c e  miss ions .  P a r t i c u l a r  emphasis  is be ing  p l a c e d  on t e s t i n g  coun te rmeasures  des igned  t o  
p r e v e n t  p h y s i o l o g i c a l  problems a s s o c i a t e d  wi th  exposure  t o  t h e  s p a c e  environment.  I t  is e s s e n t i a l  
t h a t  long- term moni to r ing  o f  s p a c e  f l i g h t  crews be performed i n  a s t a n d a r d i z e d  and o rgan ized  f a s h i o n  
i n  o r d e r  t o  deve lop  r i s k  f a c t o r s  and e s t a b l i s h  t h e  long- term c l i n i c a l  s i g n i f i c a n c e  a s s o c i a t e d  w i t h  
r e p e a t e d  exposure  t o  t h e  s p a c e  environment.  I n  a d d i t i o n ,  b iomedica l  r e s e a r c h  is des igned  t o  
unders tand  t h e  p h y s i o l o g i c a l  b a s i s  f o r  problems encoun te red  i n  manned s p a c e  f l i g h t .  Areas o f  emphasis  
inc lude :  v e s t i b u l a r  d y s f u n c t i o n ,  c a r d i o v a s c u l a r  d e c o n d i t i o n i n g ,  immunology, bone and muscle l o s s ,  and 
r a d i a t i o n  damage. T h i s  r e s e a r c h  c o n c e n t r a t e s  on t r y i n g  t o  d e f i n e  p o t e n t i a l  f l i g h t  p r o t o c o l s  and 
coun te rmeasures ,  first as s p a c e  f l i g h t  exper iments  and u l t i m a t e l y  on an o p e r a t i o n a l  b a s i s .  

The Advanced Life Suppor t  System program seeks ways t o  deve lop  t e c h n o l o g i e s  f o r  more e f f i c i e n t  l i f e  
s u p p o r t  systems f o r  t h e  .space program. I t  a l s o  u n d e r t a k e s  t h e  s c i en t i f i c  work i n  c h e m i s t r y  and 
b i o l o g y  n e c e s s a r y  t o  unders tand  how l i f e  can be main ta ined  i n  c l o s e d  systems which receive o n l y  energy 
from t h e  e x t e r n a l  environment.  A l l  are aimed a t  p o t e n t i a l  f u t u r e  needs  o f  long  d u r a t i o n  manned s p a c e  
f l i g h t  ana l u n a r  c o l o n i z a t i o n .  

The g o a l s  o f  t h e  G r a v i t a t i o n a l  Biology program are t o  f u r t h e r  o u r  unders tand ing  o f  b a s i c  
p h y s i o l o g i c a l  mechanisms and t h e  e f f e c t s  o f  m i c r o g r a v i t y  on p l a n t s  and an imals  th rough  t h e  use o f  t h e  
s p a c e  environment.  Research,  which i n c l u d e s  bo th  ground-based and s p a c e  f l i g h t  exper iments ,  is 
focused  on c l a r i f y i n g  g r a v i t y- s e n s i n g  systems; t h e  e f f e c t s  o f  m i c r o g r a v i t y  on r e p r o d u c t i o n ,  
development,  phys io logy ,  and behav io r ;  and g r a v i t y ' s  i n f l u e n c e  on t h e  e v o l u t i o n  o f  l i f e  on Ear th .  
These s t u d i e s  are aimed a t  p r o v i d i n g  i n f o r m a t i o n  e s s e n t i a l  t o  t h e  long- term s u r v i v a l  of  p l a n t s  and 
a n i m a l s  i n  s p a c e  as well as an unders tand ing  o f  g r a v i t y ' s  p a s t  and p r e s e n t  effect on l i f e .  

The Exobiology e f f o r t s  are c o n c e n t r a t e d  on s t u d i e s  o f  l i f e ' s  o r i g i n ,  w i t h  p a r t i c u l a r  emphasis on 
deve lop ing  sound hypo theses  which c o u l d  l e a d  t o  d i s c o v e r i n g  t h e  r e l a t i o n s h i p s  which may l i n k  t h e  
fo rmat ion  of t h e  s o l a r  system and t h e  o r i g i n  o f  l i f e .  Ground-based r e s e a r c h  on model systems and 
a n a l y s i s  of e x t r a t e r r e s t r i a l  materials, coupled wi th  t h e  results o f  p l a n e t a r y  f l i g h t  exper iments ,  are 
c l a r i f y i n g  t h e  mechanisms and environments  r e s p o n s b i l e  f o r  t h e  chemica l  e v o l u t i o n  l e a d i n g  t o  l i f e ' s  
o r i g i n .  S t u d i e s  o f  l i f e ' s  o r i g i n  and e v o l u t i o n  w i l l  be extended t o  enhance our  unders tand ing  o f  t h e  
i n t e r a c t i o n  o f  t h e  b i o t a  w i t h  t h e  E a r t h ' s  p r e s e n t  environment ,  and t h e r e b y  p r o v i d e  a more 
comprehensive p i c t u r e  o f  l i fe- - i t s  p a s t ,  p r e s e n t ,  and f u t u r e .  
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The B i o s p h e r i c s  Research Program seeks t o  u t i l i z e  NASA technology i n  remote s e n s i n g ,  combined wi th  
ground-based r e s e a r c h  and mathemat ica l  modeling,  t o  s tudy  t h e  b i o s p h e r e ,  ( t h e  t h i n  layer around t h e  
P l a n e t  t h a t  c o n t a i n s  a l l  of  te r res t r ia l  l i f e ) .  The g o a l  of t h e  program is t o  unders tand  t h e  s t r u c t u r e  
and f u n c t i o n  of  t h e  b i o s p h e r e  i n  o r d e r  t o  unders tand  how g l o b a l  b i o l o g i c a l  p r o c e s s e s  and p l a n e t a r y  
p r o p e r t i e s  modify and modulate one ano the r .  Knowledge of t h e s e  i n t e r a c t i o n s  w i l l  u l t i m a t e l y  a l l o w  
p r e d i c t i o n s  o f  how t h e  h a b i t a b i l i t y  of t h e  E a r t h  can be a f f e c t e d  by human a c t i v i t i e s  or  n a t u r a l  
phenomena. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

LIFE SCIENCES FLIGHT EXPERIMENTS 

1986 1987 
19 85 Budget C u r r e n t  Budget 

Estimate Estimate Estimate 
(Thousands o f  

Actual 

Life s c i e n c e s  f l i g h t  exper iments  ...... 27,100 33,400 34,000 36,700 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h e  Life S c i e n c e s  F l i g h t  Exper iments  program is t o  assimilate i n f o r m a t i o n  and 
s c i e n t i f i c  q u e s t i o n s  from t h e  v a r i o u s  l i f e  s c i e n c e s  d i s c i p l i n e s  and t r a n s l a t e  them i n t o  pay loads  
des igned  t o  expand our  unders tand ing  o f  t h e  b a s i c  p h y s i o l o g i c a l  mechanisms invo lved  i n  a d a p t a t i o n  t o  
w e i g h t l e s s n e s s .  The program i n c l u d e s  s e l e c t i o n ,  d e f i n i t i o n ,  i n f l i g h t  e x e c u t i o n ,  d a t a  a n a l y s i s ,  and 
r e p o r t i n g  on medical  and b i o l o g i c a l  i n v e s t i g a t i o n s  i n v o l v i n g  humans, an imals  and p l a n t s .  Past 
e x p e r i e n c e  i n d i c a t e s  t h a t  humans clearly undergo p h y s i o l o g i c a l  changes  i n  w e i g h t l e s s n e s s .  Thus f a r  
t h e s e  changes  appear  t o  be r e v e r s i b l e  upon r e t u r n  t o  E a r t h ;  however, many o f  t h e  observed changes  are 
p h y s i o l o g i c a l l y  s i g n i f i c a n t  and are n o t  well unders tood.  With w e i g h t l e s s  exposure  beyond several 
months, t h e s e  changes may prove i r r e v e r s i b l e .  S h u t t l e / S p a c e l a b  m i s s i o n s  are s u i t a b l e  f o r  g a i n i n g  a 
g r e a t e r  unders tand ing  o f  t h e  early response  t o  w e i g h t l e s s n e s s ,  which w i l l  improve t h e  management o f  
several e x i s t i n g  problems (e.g., s p a c e  a d a p t a t i o n  syndrome) and w i l l  enhance t h e  c o n f i d e n c e  o f  
e s t i m a t i n g  t h e  p h y s i o l o g i c a l  consequences  o f  more s u s t a i n e d  w e i g h t l e s s  exposure  (e.g. Space S t a t i o n ) .  

C u r r e n t  a c t i v i t i e s  i n c l u d e  t h e  development o f  l i f e  s c i e n c e s  f l i g h t  exper iments  t o  be flown on t h e  
f i r s t  d e d i c a t e d  L i f e  S c i e n c e s  m i s s i o n  (Space Life S c i e n c e s  -1 (SLS-1)) which is schedu led  f o r  early 
1987 and w i l l  c o n c e n t r a t e  on human i n v e s t i g a t i o n s .  Many o f  t h e  exper iments  and a s s o c i a t e d  f l i g h t  
hardware flown on earl ier  S h u t t l e  f l i g h t s  have suppor ted  and enhanced t h e  p r e p a r a t i o n s  f o r  SLS-1 and 
subsequen t  miss ions ,  I n  a d d i t i o n ,  exper iment  development ac t iv i t i e s  are c u r r e n t l y  underway t o  s u p p o r t  
t h e  f l i g h t  of t h e  f i rs t  I n t e r n a t i o n a l  M i c r o g r a v i t y  Laboratory-1  (IML-1) miss ion  i n  mid 1987. Human 
v e s t i b u l a r  exper iments ,  p l a n t  i n v e s t i g a t i o n s ,  and animal  s u p p o r t  hardware test and checkout  are 
planned.  
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BASIS W FY 1967 FUNDING REQUIRMENT 

RESEARCH AND ANALYSIS 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  

35,ZOU 38,600 35, v0u 38, CJUU L i f e  sciences research and analysis... 

OWECTIVES AN) STATUS 

The research and ana lys i s  a c t i v i t y  o f  the  L i f e  Sciences program i s  concerned w i t h  ground-based and 
p r e - f l i g h t  research i n  bas i c  b io logy  and i n  those medical  problem areas t h a t  a f f e c t  manned 
space f l i gh t .  (1 )  space medicine (2)  advanced l i f e  support  
systems research; (3 )  g r a v i t a t i o n a l  b io logy ;  (4) exobiology; and (5)  b iospher i c  research. 

The program i s  comprised of f i v e  elements: 

The L i f e  Sciences Space Medicine program i s  respons ib le  f o r  b r i n g i n g  the  technology and p r a c t i c e  o f  
medicine t o  bear on s o l v i n g  the  problems o f  sus ta in ing ,  support ing,  and p r o t e c t i n g  i n d i v i d u a l s  working 
i n  the  space environment. The program prov ides  the  means f o r  assur ing  the  p h y s i c a l  wel fare,  
performance, and adequate t reatment  o f  i n - f l i g h t  i l l n e s s e s  or  i n j u r i e s  t o  s p a c e f l i g h t  crews. Such 
c o n d i t i o n s  as s p a t i a l  d i s o r i e n t a t i o n ,  f l u i d  s h i f t s  and endocrine changes which can decrease 
performance, card iovascu lar  to lerance,  and poss ib l y  aggravate l a t e n t  diseases, w i l l  be c a r e f u l l y  
evaluated t o  determine prevent ive  measures. To th is  end, c a r e f u l  medical se lec t i on ,  p e r i o d i c  
eva lua t i on  o f  h e a l t h  s ta tus ,  and i n - f l i g h t  mon i to r i ng  o f  the  t ime r e q u i r e d  f o r  adapta t ion  t o  the  space 
environment w i l l  be c o n t i n u a l l y  undertaken. The suppor t ing  app l i ed  science element o f  t he  space 
medicine program i s  accomplished through a b iomedical  research program and seeks t o  develop the  bas ic  
medical  knowledge needed t o  enable men and women t o  operate more e f f e c t i v e l y  i n  space. The program i s  
organized i n t o  d i s c r e t e  elements, each designed t o  r e c t i f y  a p a r t i c u l a r  p h y s i o l o g i c a l  problem known or  
expected t o  a f f e c t  the human organism i n  space. Such problems as mot ion sickness, bone loss, and 
e l e c t r o l y t e  imbalances are under in tense s c r u t i n y  no t  on ly  t o  p rov ide  a b e t t e r  understanding o f  t h e i r  
under l y ing  causes, bu t  a lso  t o  develop more e f f e c t i v e  prevent ive  measures. The program w i l l  make 
extensive use o f  ground-based s i m u l a t i o n  techniques which evoke, i n  both  humans and animals, 
p h y s i o l o g i c a l  changes s i m i l a r  t o  those seen i n  space. 
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The i n v e s t i g a t i o n s  planned fo r  SLS-1 and IML-1 explore the known problems o f  manned space f l i g h t  
through the  use o f  both human and animal subjects ,  and a l s o  i nc lude  key i n v e s t i g a t i o n s  i n  
g r a v i t a t i o n a l  b io logy.  P r i n c i p a l  i n v e s t i g a t o r s  w i l l  examine card iovascular  adaptat ion,  space 
adaptat ion syndrome, muscle atrophy, bone deminera l izat ion,  e a r l y  anemia i n  weightlessness, and the  
e f f ec t s  o f  weightlessness on p l a n t  and animal development. The SLS-1 miss ion w i l l  be unique i n  
severa l  respects:  i t  w i l l  be the  f i r s t  Shutt le/Spacelab miss ion dedicated e n t i r e l y  t o  l i f e  sciences, 
and w i l l  i n v o l v e  h i g h l y  s k i l l e d  s c i e n t i s t s  as payload s p e c i a l i s t s ,  thus p e r m i t t i n g  the use o f  numerous 
exper imental  techniques and procedures never be fo re  u t i l i z e d  i n  space. 

I n  a d d i t i o n  t o  the p repara t ion  and f l i g h t  o f  p rev ious l y  se lec ted  experiments, i nc reas ing  a c t i v i t y  
and emphasis w i l l  be d i r e c t e d  towards the  study and d e f i n i t i o n  o f  experiments which can be conducted 
on the Space Sta t ion .  

CHANGES FRM THE FY 1986 8U)GET ESTIMATE 

Increased funding i s  r equ i red  i n  FY 1986 t o  p rov ide  $2.5 m i l l i o n  for  mod i f i ca t i ons  t o  the  Research 
Animal Hold ing F a c i l i t y  which i s  used on S h u t t l e  F l i g h t s .  Th is  increase has been p a r t i a l l y  o f f s e t  
through.changes associated with other  f l i g h t  p ro jec t s .  

BASIS OF FY 1987 ESTIMATE 

FY 19b7 funding i s  r equ i red  f o r  t he  f i n a l  p repara t ion  and f l i g h t  o f  approved experiments and the 
cont inued d e f i n i t i o n  and development o f  new experiments and hardware t h a t  w i l l  be f lown on f u t u r e  
Spacelab/Shutt le missions - i.e., S h u t t l e  middecks, Japanese J mission, the  second dedicated l i f e  
sciences miss ion (SLS-21, German D-2 mission, IML-2, and SLS-3. The s e l e c t i o n  o f  new experiments 
through the Announcement of Oppor tun i ty  (AO) process i s  cont inu ing.  I n  add i t i on ,  inc reas ing  
a c t i v i t i e s  are planned t o  support  the  development of Space S t a t i o n  L i f e  Sciences experiments and 
complement. 
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The Advanced L i f e  Support Systems research program concentrates on enhancing our a b i l i t y  t o  support  
a long- dura t ion  manned presence i n  space and o p t i m i z i n g  the  p r o d u c t i v i t y  o f  the  Space Transpor ta t ion  
System (STS) crews. Improvements are  sought i n  spacecraf t  h a b i t a b i l i t y  and man-machine system 
engineer ing methods as w e l l  as a means t o  prov ide  a i r ,  water, and food t o  support  l i f e  d i r e c t l y .  The 
program has developed technology f o r  b u i l d i n g  apparatus t o  regenerate spacecra f t  a i r  and water 
supp l i es  i n  f l i g h t  and i s  i n v e s t i g a t i n g  t h e  s c i e n t i f i c  bas i s  f o r  new systems such as food r e c y c l i n g  
for long- term missions. Research i s  i n  progress on space sui ts  f o r  qu i ck  r e a c t i o n  s i t u a t i o n s  and on 
i nnova t i ve  approaches t o  designing space t o o l s  and work s ta t i ons .  

The G r a v i t a t i o n a l  B io logy  program exp lores  the  r o l e  o f  g r a v i t y  i n  l i f e  processes and uses g r a v i t y  as 
an environmental  t o o l  t o  i n v e s t i g a t e  fundamental b i o l o g i c a l  questions. S p e c i f i c  o b j e c t i v e s  are to: 
(1) i n v e s t i g a t e  and i d e n t i f y  the  r o l e  o f  g r a v i t y  i n  p l a n t  and animal behavior,  morphology and 
physiology; ( 2 )  i d e n t i f y  t h e  mechanisms o f  g r a v i t y  sensing and the  t ransmiss ion  o f  t h i s  i n f o r m a t i o n  
w i t h i n  bo th  p l a n t s  and animals; ( 3 )  i d e n t i f y  t he  i n t e r a c t i v e  e f f e c t s  o f  g r a v i t y  and o ther  s t imu l i  
(e.g.? l i g h t )  and st resses (e.g., v i b r a t i o n  and d i s o r i e n t a t i o n )  on t h e  development and metabolism o f  
organisms; (4) use g r a v i t y  t o  s tudy the  normal na ture  and p r o p e r t i e s  o f  l i v i n g  organisms; and ( 5 )  
extend t h e  l i m i t s  o f  knowledge about p l a n t  and animal growth as w e l l  as long- term s u r v i v a l  and 
reproduct ion  i n  space. 

The Exobiology program i s  d i r e c t e d  toward understanding the  o r i g i n  and e v o l u t i o n  o f  l i f e ,  and l i f e -  
r e l a t e d  molecules, on Ear th  and throughout the  universe. Research encompasses the  cosmic h i s t o r y  o f  
the  b iogen ic  elements, p r e b i o t i c  chemistry,  e a r l y  e v o l u t i o n  o f  l i f e ,  and e v o l u t i o n  o f  advanced l i f e .  
Understanding these processes i n  t h e  contex t  o f  the  p lanetary  and as t rophys i ca l  environments i n  which 
they occurred w i l l  be emphasized. F l i g h t  experiments on p lanetary  miss ions and i n  Ear th  o r b i t  a re  
impor tan t  program elements. Theore t i ca l  and l abo ra to ry  i n v e s t i g a t i o n s  are a l so  inc luded i n  th is  
program t o  develop a b e t t e r  understanding o f  the  cond i t i ons  on Ear th  as r e l a t e d  t o  e a r l y  chemical and 
b i o l o g i c a l  evolut ion.  

The B iospher ic  Research program explores the  i n t e r a c t i o n  between the  b i o t a  and the  contemporary 
environment t o  develop an understanding o f  g l o b a l  bio-geochemical cyc les.  Laboratory and f i e l d  
i n v e s t i g a t i o n s  are c o r r e l a t e d  with remote sensing data t o  cha rac te r i ze  the  i n f l u e n c e  o f  b i o l o g i c a l  
processes i n  g l o b a l  dynamics. B iospher ic  mode l l ing  e f f o r t s  are focused on i n t e g r a t i n g  b io logy  wi th  
atmospheric, c l imate ,  oceanic, t e r r e s t r i a l ,  and bio-geochemical c y c l i n g  data t o  r e f l e c t  t he  s t a t e  of 
t he  biosphere as a f u n c t i o n  o f  bo th  n a t u r a l  and anthropogenic per tu rba t ions .  
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CHANGES FROM FY 19&% BUDGET ESTIMATE 

The decrease o f  82.7 m i l l i o n  i n  FY 1986 is due t o  a d i r e c t e d  $4.0 m i l l i o n  Congress iona l  r e d u c t i o n  
which was p a r t i a l l y  o f f s e t  by r e a l l o c a t i o n s  from o t h e r  programs. The r e d u c t i o n  w i l l  be accomplished 
by a g e n e r a l  decrease i n  t h e  level of a c t i v i t y .  

M I S  OF FY 1987 ESTIMATE 

The Space Medicine program w i l l  c o l l e c t  i n fo rma t ion  on o c c u p a t i o n a l  exposures  i n  ze ro -g rav i t y  on 
Bach S h u t t l e  f l i g h t ;  conduct  i n f l i g h t  c l i n i c a l  t e s t i n g  o f  counte rmeasures ,  e s p e c i a l l y  i n  t h e  areas of 
c a r d i o v a s c u l a r  d e c o n d i t i o n i n g ,  v e s t i b u l a r  problems and muscle a t rophy .  The program w i l l  a l s o  deve lop  
h e a l t h  care procedures ,  equipment,  and f a c i l i t i e s  compat ib le  wi th  t h e  space  environment.  Medical  
s e l e c t i o n  s t a n d a r d s  w i l l  c o n t i n u e  t o  be reviewed wi th  an aim of g r a d u a l l y  making s p a c e  f l i g h t  
o p p o r t u n i t i e s  a v a i l a b l e  t o  more o f  our  popu la t i on .  The b iomedica l  r e s e a r c h  e lement  w i l l  beg in  t o  
expand its r e s e a r c h  on p h y s i o l o g i c a l  changes  a s s o c i a t e d  wi th  l onge r  exposure  t o  we igh t l e s snes s .  Bone 
d e m i n e r a l i z a t i o n ,  muscle a t rophy  and c a r d i o v a s c u l a r  decond i t i on ing  w i l l  be s t u d i e d  so t h a t  a p p r o p r i a t e  
counte rmeasures  can be dev i sed .  A t  t h e  same time, problems a s s o c i a t e d  w i th  t h e  i n i t i a l  a d a p t a t i o n  t o  
w e i g h t l e s s n e s s ,  such as  v e s t i b u l a r  d y s f u n c t i o n  and f l u i d  s h i f t s ,  w i l l  c o n t i n u e  t o  be v igo rous ly  
i n v e s t i g a t e d .  Fur thermore ,  i n c r e a s e d  emphasis w i l l  be  placed on r a d i a t i o n  b io logy  so t h a t  it w i l l  be 
p o s s i b l e  t o  p r e c i s e l y  measure dosages  and e f f e c t s  o f  cosmic and s o l a r  r a d i a t i o n .  Th i s  i n fo rma t ion  
w i l l  be r e q u i r e d  t o  determine t h e  proper  r a d i a t i o n  s h i e l d i n g  of  humans i n  space.  The performance and 
e f f i c i e n c y  o f  f l i g h t  crews w i l l  be emphasized by r e s e a r c h  o f  psychology and human f a c t o r s .  

The Advanced L i f e  Suppor t  Systems program w i l l  c o n t i n u e  t o  i n v e s t i g a t e  b a s i c  b i o l o g i c a l  p r o c e s s e s  
and p h y s i c a l  methods t o  c o n t r o l  t h e  i n t e r i o r  environments  o f  manned s p a c e c r a f t ;  and w i l l  c o n t i n u e  
development o f  d a t a  a c q u i s t i o n  systems and computer t e c h n o l o g i e s  t o  ana lyze  and simulate human 
p h y s i c a l  act ivi t ies .  Labora tory  p l a n t  growth methods developed i n  r e c e n t  years w i l l  be s c a l e d  up t o  
o b t a i n  a c a p a b i l i t y  t o  produce p l a n t  material a t  e f f i c i e n c y  and p r o d u c t i v i t y  levels h igh  enough f o r  
space  l i f e  s u p p o r t  a p p l i c a t i o n s .  

The G r a v i t a t i o n a l  Biology program w i l l  focus  on expanding t h e  i n v e s t i g a t i o n  o f  p l a n t  and animal  
g r a v i t y  sen#ing  systems and g r a v i t a t i o n a l  a f f e c t s  on p l a n t  and animal  r ep roduc t i on  and development. 
Research which l e a d s  t o  o r  i n c l u d e s  space  f l i g h t  exper iments  w i l l  be emphasized wi th  t h e  o b j e c t i v e  o f  
r e s o l v i n g  discrete b i o l o g i c a l  problems. 

The Exobiology program w i l l  emphasize t h e  development of  new f l i g h t  exper iment  concep t s  t o  c l a r i f y  
t h e  non- b io log i ca l  mechanisms for  t h e  s y n t h e s i s  of b i o l o g i c a l l y  s i g n i f i c a n t  molecu les  i n  space ,  and 
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comple t ing  d e f i n i t i o n  o f  systems r e q u i r e d  b e f o r e  a s e a r c h  f o r  extraterrestrial l i f e  can be 
i n i t i a t e d .  These c o n c e p t s  w i l l  be  c r u c i a l  t o  o u r  unders tand ing  o f  t h e  o r i g i n  o f  l i f e  on e a r t h  as well 
a s  a s s e s s i n g  t h e  p o s s i b i l i t y  o f  t h e s e  p r o c e s s e s  o c c u r r i n g  e l sewhere  i n  t h e  un ive r se .  

The B i o s p h e r i c  Research program w i l l  p l a c e  emphasis on improving o u r  e s t i m a t i n g  t e c h n i q u e s  fo r  
d e t e r m i n i n g  t h e  f u n c t i o n a l  and s t r u c t u r a l  s t a t e  o f  t h e  ter res t r ia l  biomass by combining ground-based 
measurements wi th  remote s e n s i n g  data. A d d i t i o n a l  emphasis w i l l  be  p l a c e d  on c h a r a c t e r i z i n g  b i o g e n i c  
g a s  f l u x e s  o f  key a tmospher ic  c o n s t i t u e n t s .  T h i s  i n f o r m a t i o n  is r e q u i r e d  f o r  t h e  development o f  a 
b e t t e r  u n d e r s t a n d i n g  o f  g l o b a l  bio- geochemical  c y c l e s .  

Emphasis w i l l  a l s o  be p l a c e d  on t h e  f o r m u l a t i o n  of improved approaches  t o  t h e  o p e r a t i o n a l  management 
o f  s p a c e  a d a p t a t i o n  syndrome. I n- f l i g h t  e v a l u a t i o n  o f  t h e s e  approaches  w i l l  be conducted t o  p r o v i d e  
t h e  bas is  f o r  t h e  development o f  more e f f e c t i v e  countermeasures .  There  w i l l  be a n  expanded 
i n t e r d i s c i p l i n a r y  approach t o  d e t e r m i n i n g  how to  enhance t h e  c a p a b i l i t i e s ,  performance and e f f i c i e n c y  
o f  s p a c e f l i g h t  crews. The o b j e c t  o f  t h i s  e f f o r t  w i l l  be t o  a l l o w  humans, t o  t h e  fu l les t  e x t e n t  
p o s s i b l e ,  t h e  o p p o r t u n i t y  t o  e x p l o r e  and work i n  s p a c e  by improving t h e  working environment and by 
f a c i l i t a t i o n  o f  t h e  human i n t e r a c t i o n  wi th  t h e  automated d e v i c e s  t h a t  can  be p l a c e d  a t  t h e i r  d i s p o s a l .  
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EXPLORATION 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUX;ET SUHlAftY 

WFICE (w SPACE SCIENCE AND APPLICATIONS PLANETARY EXPLORATION PROGRAM 

S M A R Y  OF RESOURCES REQUIREMENTS 

1985 
Actua l  

G a l i l e o  development ................... 58. 800 

Ulysses (ISPM) ........................ 9. 000 

Miss ion  operat ions and data ana lys is  . . 56. 100 
Research and ana lys is  ................. 61. 500 

T o t a l  ............................... 290. 900 

Magellan (VW) ........................ 92. 500 

Mars Observer (MGCO) .................. 13. U0U 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n  

Johnson Space Center .................. 10. 482 
Marsha l l  Space F l i g h t  Center .......... 16 
Goddard Space F l i g h t  Center ........... 3. 751 
J e t  Propuls ion Laboratory ............. 225. 878 
Ames Research Center .................. 
Langley Research Center ............... 25 
Headquarters .......................... 42. 155 

8. 593 

T o t a l  ............................... 290. 900 

1986 
Budget Current 

Est imate Est imate 
G d s  of 

39. 700 54. 200 
112. OG0 109. 300 

5. 600 5. 600 
43. 800 37. 800 
95. 000 83. 000 
62. 900 62. 900 

359. 000 352. 800 

11. 105 10. 770 
1U0 11 

3. 620 5. 601 
284. 755 284. 262 

26 
49. 261 42. 652 

10. 159 9. 478 ... 

359. 0011 352. &Ob 

1987 
Budget 

Est imate 

... 
66, 700 

62. 900 
130. 200 
63. 500 

323. 300 

... 

10. 873 
8 

11. 884 
249. 734 
10. 462 

26 
40. 313 

323. 301r 
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Number 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION 

PLANETARY EXPLORATION PROGRAM 

The Planetary Exp lo ra t i on  program encompasses the s c i e n t i f i c  e x p l o r a t i o n  o f  the so la r  system 
i n c l u d i n g  the  p lane ts  and t h e i r  s a t e l l i t e s ,  c o m t s  and astero ids,  and the  i n t e r p l a n e t a r y  medium. The 
program ob jec t i ves  are: (1) t o  determine the nature o f  p lanets ,  comets, and as te ro ids  as a means f o r  
understanding the o r i g i n  and evo lu t i on  o f  the so la r  system; ( 2 )  t o  understand the Ea r th  b e t t e r  through 
comparative s tud ies  wi th the other  p lanets ;  ( 3 )  t o  understand how the appearance o f  l i f e  i n  the so la r  
system i s  r e l a t e d  t o  the chemical h i s t o r y  o f  the so la r  system; and, ( 4 )  t o  prov ide a s c i e n t i f i c  bas i s  
f o r  the f u t u r e  use o f  resources a v a i l a b l e  i n  near-Earth space. P ro jec t s  undertaken i n  the past  have 
been h i g h l y  successfu l .  The s t ra tegy  t h a t  has been adopted c a l l s  f o r  a balanced emphasis on the  
E a r t h- l i k e  inner  p lanets ,  the g i a n t  gaszous outer  p lanets ,  and the srnall  bodies (comets and 
as te ro ids ) .  Missions t o  these bodies s t a r t  a t  the  l e v e l  o f  reconnaissance t o  achieve a fundamental 
c h a r a c t e r i z a t i o n  o f  the bodies, and then proceed t o  l e v e l s  o f  more d e t a i l e d  study. 

The reconnaissance phase o f  i n n e r  p l ane t  exp lo ra t ion ,  which began i n  the 1960's, i s  now v i r t u a l l y  
completed, a l though we s t i l l  know l i t t l e  about the nature o f  the p lane t  Venus' surface. Mars has 
prov ided program focus because o f  i t s  p o t e n t i a l  as a s i t e  o f  b i o l o g i c a l  a c t i v i t y .  The V i k i ng  land ings  
i n  1976 c a r r i e d  the exp lo ra t i on  o f  Mars forward t o  a h i g h  l e v e l  o f  s c i e n t i f i c  and techno log ica l  
achievement, thereby s e t t i n g  the stage f o r  the  next  s tep o f  d e t a i l e d  study. Analyses o f  meteor i tes  
and the l una r  rock  samples re tu rned  by Apol lo  cont inue t o  be h i g h l y  product ive,  producing new i n s i g h t s  
i n t o  the e a r l y  h i s t o r y  o f  the inner  so la r  system and thus lead ing  t o  r e v i s i o n  o f  our t h e o r e t i c a l  
concepts. The Pioneer Venus miss ion i s  con t inu ing  t o  ca r r y  the study o f  the E a r t h ' s  nearest p lane ta ry  
neighbor and c l oses t  p lane ta ry  analog beyond the  reconnaissance stage t o  the p o i n t  where we have now 
obta ined a bas ic  cha rac te r i za t i on  o f  Venus' t h i c k ,  massive atmosphere, as w e l l  as fundamental data 
about the format ion o f  the p lane t .  

The exp lo ra t i on  o f  the g i a n t  outer  p lane ts  began r e l a t i v e l y  recen t l y .  The Pioneer-10 missions t o  
J u p i t e r  i n  1973 and 1974 were fo l lowed by the Voyager-1 and 2 spacecraf t  encounters i n  1979. Voyager- 
1 then encountered Saturn i n  November 198G, and Voyager-2 i n  August 1981. The Voyager data on these 
p lanets ,  t h e i r  s a t e l l i t e s ,  and t h e i r  r i n g s  have r e v o l u t i o n i z e d  our concepts about the format ion and 
e v o l u t i o n  o f  the so la r  system. Voyager-2 encountered ilranus i n  January 1986 and has prov ided our 
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f i r s t  l ook  a t  t h i s  g i a n t  ou te r  p lanet .  I t s  t r a j e c t o r y  w i l l  then c a r r y  i t  t o  an encounter w i th  t he  
p l ane t  Neptune i n  1989. The Pioneer-10 and 11 and Voyager-1 spacecra f t  are  on t r a j e c t o r i e s  heading 
out  o f  the  s o l a r  system, as they cont inue t o  r e t u r n  s c i e n t i f i c  da ta  about the  ou te r  reaches o f  t he  
s o l a r  system. 

The G a l i l e o  o rb i te r /p robe  miss ion  t o  J u p i t e r  w i l l  be launched i n  May 1986 by t he  Space 
Shutt le/Centaur Upper Stage. The comprehensive science payload w i l l  extend our  knowledge o f  J u p i t e r  
and i t s  system o f  s a t e l l i t e s  w e l l  beyond the  profound d iscover ies  o f  the  preceding Voyager and Pioneer 
missions. Dur ing  twenty- two months o f  opera t ion  i n  the  Jov ian system, G a l i l e o  w i l l  i n j e c t  an 
instrumented probe i n t o  J u p i t e r ' s  atmosphere t o  make d i r e c t  analyses, w h i l e  the o r b i t e r  w i l l  have t he  
c a p a b i l i t y  t o  make as many as t e n  c l ose  encounters wi th  the  Ga l i l ean  s a t e l l i t e s .  

Ulysses i s  a j o i n t  NASA and European Space Agency a c t i v i t y .  The miss ion  w i l l  c a r r y  a packayt: o f  
experiments t o  i n v e s t i g a t e  the Sun a t  h i g h  s o l a r  l a t i t u d e s  t h a t  cannot be s tud ied  from the  Ea r t h ' s  
o r b i t .  Ulysses w i l l  a l so  be launched i n  May 1986 on the Shutt le/Centaur Upper Stage. 

Magellan, fo rmer ly  the  Venus Radar Mapper mission, w i l l  p rov ide  g l o b a l  maps o f  the  cloud-shrouded 
surface o f  Venus, i n c l u d i n g  i t s  l and  forms and geo log i ca l  features.  Using a s y n t h e t i c  aper tu re  radar  
t o  pene t ra te  the  p l a n e t ' s  opaque atmosphere, Magel lan w i l l  achieve a r e s o l u t i o n  s u f f i c i e n t  t o  i d e n t i f y  
smal l- scale fea tu res  and t o  address fundamental quest ions about the o r i g i n  and e v o l u t i o n  o f  the  
planet.  Magel lan w i l l  a l so  o b t a i n  a l t i m e t r y  and g r a v i t y  data t o  determine accura te ly  the  p l a n e t ' s  
g r a v i t y  f i e l d  as w e l l  as i n t e r n a l  s t resses  and dens i t y  va r i a t i ons .  With these data, t h e  evo lu t ionary  
h i s t o r y  o f  Venus can be compared w i t h  t h a t  o f  the  Earth. Magellan i s  scheduled f o r  launch i n  1988 
from the  S h u t t l e  and w i l l  use a Shutt le/Centaur Upper Stage. 

Mars Observer w i l l  f o l l o w  up on t he  e a r l i e r  d i scover ies  o f  Mar iner  9 and V i k i n g  and w i l l  emphasize 
the  geo log ic  and c l i m a t i c  e v o l u t i o n  o f  t h i s  complex p lanet .  Mars Observer w i l l  be a r e l a t i v e l y  low- 
cos t  miss ion u t i l i z i n g  a mod i f i ed  E a r t h- o r b i t i n g  spacecraf t ,  thereby b e n e f i t t i n g  from aerospace 
i n d u s t r y ' s  e a r l i e r  investment i n  development. 

This pas t  year we entered an e x c i t i n g  new phase o f  e x p l o r a t i o n  by making our f i r s t  close-up s t u d i e s  
o f  t he  s o l a r  system's myster ious sma l l  bod ies -- comets and astero ids .  These ob jec t s  may represent  
una l t e red  o r i g i n a l  so l a r  system mate r ia l ,  preserved from the geo log i ca l  and chemical changes t h a t  have 
taken p lace  i n  even sma l l  p lane ta ry  bodies. By sampling and s tudy ing  comets and as te ro ids ,  we can 
begin  t o  make v igorous i n q u i r i e s  i n t o  the o r i g i n  o f  the s o l a r  system i t s e l f .  These e f f o r t s  began w i th  
the encounter o f  Comet Giacobini- Zinner by the  I n t e r n a t i o n a l  Comet Exp lo re r  ( ICE)  spacecra f t  i n  
September 19b5 and a re  con t i nu i ng  through our involvement with t he  19b6 encounters o f  Comet Ha l ley  by 
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U.S. and f o r e i g n  spacecra f t  and by i n t e n s i v e  s t u d i e s  o f  t he  comet from ground-based observa to r ies  
coord inated through the  I n t e r n a t i o n a l  Ha l l ey  Watch. I n  add i t i on ,  we a r e  con t i nu ing  t o  study a Comet 
Rendezvous/Asteroid F lyby  (CRAF) m iss ion  i n  which a Mar iner  Mark I1 spacecra f t  would make long- term 
observat ions o f  an a c t i v e  comet, toge ther  with a c l ose  f l y b y  o f  an as te ro id .  

The P lanetary  E x p l o r a t i o n  program i s  a l s o  founded on a coord inated research and a n a l y s i s  e f f o r t .  
Research and a n a l y s i s  a c t i v i t i e s  w i l l  con t inue  t o  maximize t he  s c i e n t i f i c  r e t u r n  from b o t h  ongoing and 
fu tu re  miss ions  and from such Earth-based a c t i v i t i e s  as l una r  sample and me teo r i t e  ana lys is ,  te lescope 
observat ions, t h e o r e t i c a l  and l a b o r a t o r y  s tud ies,  and ins t rument  d e f i n i t i o n .  This program s t r i v e s  for  
i n t e r d i s c i p l i n a r y  coo rd ina t i on  among var ious  research groups and f o r  t he  wide d issemina t ion  o f  
s c i e n t i f i c  r esu l t s .  A c lose  coup l i ng  i s  a l s o  mainta ined between t h e  research programs and p lann ing  
a c t i v i t i e s  t h a t  a re  undertaken t o  d e f i n e  t he  s c i e n t i f i c  r a t i o n a l e  and technology needed f o r  f u t u r e  
missions. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

GALILEO DEVELOPMENT 

1986 1987 
Current  Budget 1985 Budget 

A c t u a l  Est imate Est imate Est imate 
(Thousands o f  D m  

Spacecraft............................ 27,745 13,800 24,300 --- 
Experiments....... .................... 10,275 7,900 9,300 --- --- - Ground Operations..................... 20,780 18,000 20,600 

--- - - Total............................... 58,800 39,70u 54,200 

(--- 1 Space t r a n s p o r t a t i o n  system opera t ions  (36,600) (44,200) (41,100) 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  the  G a l i l e o  program i s  t o  conduct a comprehensive e x p l o r a t i o n  o f  Jup i te r ,  i t s  
atmosphere, magnetosphere, and s a t e l l i t e s  through t h e  use o f  bo th  remote sensing by an o r b i t e r  and& - s i t u  measurements by an atmospheric probe. The s c i e n t i f i c  o b j e c t i v e s  o f  t he  miss ion  a re  based on 
recommendations by the  N a t i o n a l  Academy o f  Sciences t o  p rov ide  c o n t i n u i t y ,  balance, and o r d e r l y  
p rogress ion  o f  the  e x p l o r a t i o n  o f  t he  s o l a r  system. 

The o r b i t e r  and probe w i l l  be launched together  i n  May 1986 as a s i n g l e  combined payload us ing  t h e  
Shutt le/Centaur Upper Stage. The miss ion  p l a n  i nc ludes  an o p t i o n  f o r  an encounter with t h e  a s t e r o i d  
Amphi t r i te ,  a l a r g e  (200km) main b e l t  as tero id ,  i n  l a t e  1986. The d e c i s i o n  t o  implement t h e  o p t i o n  
w i l l  be made a f t e r  launch, based on an assessment o f  t h e  h e a l t h  and o p e r a t i o n a l  c a p a b i l i t y  of t h e  
spacecraft. Subsequently, a r r i v a l  a t  J u p i t e r  w i l l  be i n  l a t e  1988 when the  o r b i t e r  w i l l  p rov ide  
remote sensing o f  t he  probe e n t r y  s i t e  and p rov ide  t h e  l i n k  f o r  r e l a y i n g  t h e  probe data  back t o  
Earth. Twenty-two months o f  o r b i t a l  opera t ions  w i l l  f o l l o w  du r ing  which bo th  J u p i t e r ' s  sur face  and 
the  dynamic magnetosphere w i l l  be comprehensively mapped. Dur ing  t h i s  t ime t e n  c lose  f l y b y s  o f  
J u p i t e r ' s  major s a t e l l i t e s  a re  targeted. 
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The G a l i l e o  f l i g h t  system w i l l  be powered by two general  purpose heat-source Radioisotope 
Themoelectr ic Generators (RTG's) be ing developed by the Department o f  Energy. The o r b i t e r  w i l l  c a r r y  
approximately 100 kg o f  s c i e n t i f i c  inst ruments and the Probe w i l l  c a r r y  approximately 25 kg o f  
s c i e n t i f i c  instruments.  

Dur ing FY 1486, major a c t i v i t i 2 s  o f  the G a l i l e o  program w i l l  i nc lude  complet ion o f  t e s t i n g  and pre- 
launch a c i v i t i e s  a t  JPL, r e t r o f i t  o f  se lec ted  subsystems vJith more r a d i a t i o n  r e s i s t a n t  e l e c t r o n i c  
components, and pre- launch and launch a c t i v i t i e s  a t  the Kennedy Space Center i n  support o f  the May 
1986 launch. 

CHANGES FROM FY 1986 BWGET ESTIMATE -- 
I-- 

The FY 1986 est imate r e f l e c t s  an increase o f  $14.5 m i l l i o n ,  the r e s u l t  o f  problems w i t h  the sp in  
bear ing assembly and changeout o f  the radiat ion-hardened p a r t s  on the Command and Data Subsystem and 
A t t i t u d e  A r t i c u l a t i o n  and Cont ro l  Subsystem. The a d d i t i o n a l  funds were made a v a i l a b l e  through 
t r a n s f e r  from G a l i l e o  Miss ion Operat ions and Data Ana lys is  ($9.5M); and by rephasing o f  Magellan (VRM) 
a c t i v i t y  (82 .5 t I )  and Voyager Extended Miss ion a c t i v i t y  ($2.5M) t o  f u t u r e  years. 
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BASIS OF FY 1987 FUNDING REQUIREMENTS 

MAGELLAN (FORMERLY VENUS RADAR MAPPER MISSION) 

1986 
1985 Budget Current  

Ac tua l  Est imate Est imate 
(Thousands o f  

S p a c e c r a f t . . . . . . . . . . . . ~ ~ ~ ~ ~ e ~ ~ ~ ~ . . o . . .  64,325 75,800 66,400 

Ground Operations............~........ 2,180 6,400 10,600 
Experiments. .......................... 25,995 29,800 32,300 

 total................^^.^.^^^.....^. 92,5UO 112,ouo 109,300 

Space Transpor ta t ion  system operat ions (26,400) (27 ,5UO) (39,500) 

OBJECTIVES AND STATUS 

1987 
Budget 

Est imate 

24,800 
23,lOU 
18,800 

66,700 

(47,800) 

The o b j e c t i v e  o f  the Magel lan miss ion  i s  t o  address fundamental quest ions regard ing  the  o r i g i n  and 
e v o l u t i o n  of Venus through g l o b a l  radar  imagery o f  t he  p lanet .  Magel lan w i l l  a l s o  o b t a i n  a l t i m e t r y  
and g r a v i t y  data t o  accura te ly  determine the  p l a n e t ' s  g r a v i t y  f i e l d  as w e l l  as i n t e r n a l  s t resses  and 
dens i t y  va r ia t i ons .  The d e t a i l e d  sur face  morphology o f  Venus w i l l  be analyzed t o  compare t h e  
evo lu t i ona ry  h i s t o r y  o f  Venus w i t h  t h a t  o f  t he  Earth. 

The Magel lan spacecraf t  w i l l  c a r r y  a s i n g l e  major s c i e n t i f i c  inst rument ,  a s y n t h e t i c  aper tu re  radar ,  
which w i l l  be used t o  o b t a i n  h i g h  r e s o l u t i o n  (120 t o  2130 meter) images o f  the  p lane ta ry  sur face  as 
w e l l  as a l t i m e t r i c  data. G r a v i t y  data w i l l  be obta ined by processing r a d i o  s i g n a l s  from t h e  
spacecraft .  Spacecraf t  development i s  making ex tens ive  use o f  e x i s t i n g  designs, technology, and 
r e s i d u a l  hardware; for example, t he  spacecra f t  w i l l  use a bus s t ruc tu re ,  l a r g e  antenna, and p ropu ls ion  
components from the  Voyager program. Spare f l i g h t  computers and o ther  equipment w i l l  be ob ta ined from 
the  G a l i l e o  program a f t e r  t he  G a l i l e o  launch i n  1986. 

I n  A p r i l  1988, t h e  Magel lan spacecraf t  w i l l  be launched by t h e  Shutt le/Centaur Upper Stage on a 
d i r e c t  t r a j e c t o r y  t o  Venus. A r r i v i n g  a t  Venus i n  J u l y  1988, t h e  spacecra f t  w i l l  per form a r e t r o -  
p ropu ls i ve  maneuver and enter  a near- polar e l l i p t i c a l  o r b i t .  A f t e r  an i n i t i a l  check-out per iod,  t h e  
spacecra f t  w i l l  map t h e  p lane t  over a 243 day p e r i o d  (one Venus year). 
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Dur ing  FY 1966, major a c t i v i t i e s  w i l l  i n c l u d e  complet ion o f  t he  design e f f o r t  f o r  t he  spacecraf t ,  
t h e  radar  inst rument ,  and t h e  miss ion  opera t ions  system, and f o r  t h e  i n i t i a t i o n  o f  c o n s t r u c t i o n  o f  t h e  
f l i g h t  hardware. The major f l i g h t  spacecra f t  subassemblies w i l l  be completed and d e l i v e r e d  t o  the  
spacecra f t  cont rac tor .  

CHANGES FRM FY 1986 BUDGET ESTIMATE 

The $2.7 m i l l i o n  decrease i s  associated wi th  a rephasing o f  a c t i v i t y  t o  f u t u r e  years. O f  t h i s  
amount, $2.5 m i l l i o n  has been r e a l l o c a t e d  f o r  G a l i l e o  development t o  h e l p  so lve  t e c h n i c a l  problems and 
the  balance r e f l e c t s  the  a p p l i c a t i o n  o f  t he  general  r e d u c t i o n  d i r e c t e d  by Congress f o r  Research and 
Development conta ined i n  the  HUD-Independent Agencies Approp r ia t i on  Act, 1986 (P.L. 99-160) . I n  
add i t i on ,  r e a l l o c a t i o n  o f  t he  funds w i t h i n  t h e  p r o j e c t  has been made based on t h e  c o n t r a c t o r s '  
development schedule requirements. 

BASIS OF FY 1987 ESTIMATE 
# 

FY 1987 funds w i l l  p rov ide  f o r  complet ion o f  t he  radar  sensor and f o r  t he  assembly, i n t e g r a t i o n  and 
The development o f  t h e  miss ion  opera t ions  system w i l l  be continued. t e s t i n g  of t h e  spacecra f t  system. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

ULYSSES (FORMERLY INTERNATIONAL SOLAR POLAR MISSION) 

1986 
1985 Budget Current  

Ac tua l  Est imate Est imate 
'(Thousands o f  

Spacecraft...........o~~m.o..o........ 5,765 7 00 700 

Ground Operations..................... 2,115 2,700 2,700 

Total............................... 9,000 5,601i 5,600 

Experiments........................ 1,120 2,200 2,20b 

Space t r a n s p o r t a t i o n  system opera t ions  (36,500) (44,300) (41,100) 

OBJECTIVES AND STATUS 

Ulysses i s  a j o i n t  miss ion o f  NASA and the  European Space Agency (ESA). 

1967 
Budget 

Est imate 

ESA i s  p r o v i d i n q  t h e  
spacecraf t  and some s c i e n t i f i c  ins t rumenta t ion .  The U.S. i s  p r o v i d i n g  the  remaining s c i e n t i f i c  
ins t rumenta t ion ,  t he  launch, t r a c k i n g  support,  and the  Radioisotope Thermoelect r ic  Power Generators 
(RTG). The miss ion i s  designed t o  o b t a i n  t h e  f i r s t  view o f  t he  Sun above and below t h e  p lane i n  which 
t h e  p lane ts  o r b i t  t he  Sun. The miss ion  w i l l  s tudy the  r e l a t i o n s h i p  between the  Sun and i t s  magnetic 
f i e l d  and p a r t i c l e  emissions ( s o l a r  wind and cosmic rays)  as a f u n c t i o n  o f  s o l a r  l a t i t u d e ,  t o  p rov ide  
a b e t t e r  understanding o f  s o l a r  a c t i v i t y  on the  E a r t h ' s  weather and c l imate.  Ulysses w i l l  be launched 
i n  1986 on the  Shutt le/Centaur Upper Stage. 

Ulysses was r e s t r u c t u r e d  i n  FY 1981, from a two- spacecraft  mission--one prov ided by the  Un i ted  
Sta tes  and one prov ided by ESA--to a s i n g l e  ESA spacecra f t  mission; however, t he  Un i ted  Sta tes  
p a r t i c i p a t i o n  i n  the  program remains subs tan t i a l .  NASA i s  developing f i v e  o f  t he  n i n e  p r i n c i p a l  
i n v e s t i g a t o r  instruments, and th ree  of t he  four  European i n v e s t i g a t i o n s  have U.S. co- inves t iga tors .  
Dur ing  FY 19t13, t h e  U.S. f l i g h t  ins t ruments  were d e l i v e r e d  t o  the  ESA spacecra f t  developer f o r  
i n t e g r a t i o n  and system tes t i ng .  A l l  spacec ra f t  t e s t i n g  has been completed and t h e  spacecra f t  i s  be ing  
p a r t i a l l y  disassembled f o r  s torage u n t i l  launch. 
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BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, ope ra t i ona l  support f o r  ATS-3 w i l l  cont inue; NASA w i l l  ma in ta in  approval and p o l i c y  
c o n t r o l  o f  the  ATS program. NASA w i l l  cont inue p lann ing  support  f o r  educat ional ,  s c i e n t i f i c ,  and 
p u b l i c  se rv i ce  communications experiments fo r  organ iza t ions  w i t h i n  the  western hemisphere, and w i l l  
support  s i m i l a r  exper imenta l  a c t i v i t i e s  of P a c i f i c  bas in  organ iza t ions  within the  f o o t p r i n t  o f  t he  
ATS-3 coverage. E f f o r t s  i n  support  o f  a replacement system f o r  ATS- 1 w i l l  cont inue with low-cost, 
p ro to type ground te rm ina l  development, analyses o f  v i a b l e  a l t e r n a t i v e  s a t e l l i t e  systems, and 
v e r i f i c t i o n  systems tes ts .  
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Major a c t i v i t i e s  d u r i n g  FY 1986 i n c l u d e  s u p p o r t i n g  U.S. p r i n c i p a l  i n v e s t i g a t o r s  i n  t h e i r  m i s s i o n  
p l a n n i n g  and for  s u p p o r t i n g  ESA i n  pre- launch and l aunch  a c t i v i t i e s  a t  t h e  Kennedy Space Cen te r  i n  
s u p p o r t  o f  t h e  May 1986 launch.  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

MARS OBSERVER M I S S I O N  (FORMERLY MARS GEOSCIENCE/CLIMATOLOGY ORBITER) 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  

Spacecraf t  development................ 2,010 28,600 22,400 33,100 
Experiments... 8,7115 4,3CJb 13,800 26,601i 
Ground Operations..............-...... 2,285 10,900 1,600 3,200 

........................ 
Total............................... 13,0011 43,8(JcJ 37,800 62,900 

Space t r anspo ra t i on  system operat ions ( --- 1 (---I (---) (9,100 

OBJECTIVES AN) STATUS 

The Mars Observer miss ion i s  the f i r s t  p lane ta ry  miss ion u t i l i z i n g  a new low-cost approach t o  i nne r  
s o l a r  system miss ion exp lo ra t ion .  This approach, which was recommended by the  Solar  System 
Exp lo ra t i on  Committee, s t a r t s  w i th  a w e l l  de f ined  and focused science o b j e c t i v e  and makes use o f  high- 
inher i tance ,  mod i f i ed  p roduc t ion  l i n e  E a r t h- o r b i t a l  spacecraf t .  The o b j e c t i v e  o f  the  Mars Observer 
m iss ion  i s  t o  extend and complement the  da ta  acqui red by t he  Mar iner  and V i k i ng  miss ions by mapping 
t h e  g l o b a l  su r face  composition, atmospheric s t r u c t u r e  and c i r c u l a t i o n ,  topography, f i gu re ,  g r a v i t y  and 
magnetic f i e l d s  o f  Mars t o  determine the  l o c a t i o n  of v o l a t i l e  r e s e r v o i r s  and charac te r i ze  t h e i r  
i n t e r a c t i o n  with the Ma r t i an  environment. 

The Mars Observer m iss ion  w i l l  be launched i n  1990 us ing  the  Space Shu t t le ,  and w i l l  be i n s e r t e d  
i n t o  Ma r t i an  o r b i t  i n  1991, where i t  w i l l  c a r r y  ou t  geochemical, geophysical,  and c l i m a t o l o g i c a l  
mapping o f  the p l ane t  over a pe r i od  o f  one Mar t i an  year which i s  approximately two Ear th  years. 

I n  FY 1986, c r i t i c a l  design reviews w i l l  be h e l d  f o r  t he  instruments,  as w i l l  t he  p re l im ina ry  design 
review f o r  the spacecraft.  I n  add i t i on ,  d e t a i l e d  design and f a b r i c a t i o n  o f  the spacecra f t  and 
ins t rument  hardware w i l l  be i n i t i a t e d .  
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CHANGES FROM FY 1986 BU)GET ESTIMATE 

The decrease o f  $6.0 m i l l i o n  i n  the  c u r r e n t  es t imate  r e f l e c t s  Congressional d i r e c t i o n  conta ined i n  
t he  FY 1986 NASA Au tho r i za t i on  Act (P.L. 99-170) and t he  HUD-Independent Agencies App rop r i a t i on  Act, 
1986 (P.L. 99-1613). This r e d u c t i o n  has been accommodated by t h e  rephasing o f  a c t i v i t y  t o  f u t u r e  
years. Current  est imates have a l s o  been r e a l i g n e d  t o  be i n  consonance wi th  t he  procurement schedules 
fo r  t he  spacecra f t  bus and f o r  t he  science payload. 

BASIS OF FY 1987 ESTIMATE 

The FY 19b7 funding i s  r e q u i r e d  f o r  c o n t i n u a t i o n  o f  major f a b r i c a t i o n  e f f o r t s  on bo th  t he  
inst ruments and t he  spacecraft, and fo r  p repa ra t i on  for t he  c r i t i c a l  des ign rev iews f o r  t he  f l i g h t  
system. P re l im ina ry  design rev iews w i l l  be completed f o r  a l l  the  ins t ruments  as w e l l  as f o r  t he  
miss ion  opera t ions  development. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 
-I---I--- 

1986 1987 - - - - - -_ 
Budget Current  Budget 1985 

Est imate Ac tua l  Es t  iina t e Est imate I 

-(Thousands o f  6 G i T a x  

Galilee opera t ions  .................... --- 20,000 10,500 48,000 

Voyager extended mission.............. 26,036 26,400 23,000 4,800 
Pioneer programs...................... 6,300 7,600 7,600 8,300 
Voyager/Neptune mission............... --- 9,000 9,000 30,300 .............. 30,000 30,600 33,500 23 764 

Ulysses operat ions .................... -- - 2,000 2,300 5,300 

-_I_ Plane ta ry  f l i g h t  support  -L 

Total............................... 56,100 -- 95 000 2-- 83,000 -- 
__I -- 

OBJECTIVES AND STATUS 

The ob jec t i ves  o f  the in iss ion operat ions and data ana l ys i s  a c t i v i t i e s  a re  i n - f l i g h t  opera t ion  o f  
p l ane ta r y  spacecra f t  and the ana l ys i s  o f  data  from these missions. Cur ren t l y ,  two major c lasses o f  
p l ane ta r y  spacecraf t  a re  operat ing- - the Pioneer and the  Voyager spacecraf t .  The p lane ta ry  f l i g h t  
suppor t  a c t i v i t i e s  are those assoc ia ted w i t h  the  design and development o f  p lane ta ry  f l i g h t  opera t ion  
systems, and other  a c t i v i t i e s  t h a t  support  the  miss ion c o n t r o l ,  t r ack i ng ,  te lemetry,  and command 
f unc t i ons  f o r  a l l  p lane ta ry  spacecraf t .  

The two Voyager spacecraf t  a re  now t r a v e l i n g  through the outer  s o l a r  system on t r a j e c t o r i e s  t h a t  
w i l l  take them i n t o  i n t e r s t e l l a r  space. Voyager 1 cont inues t o  p rov ide  data  on the  i n t e r p l a n e t a r y  
medium i n  t h a t  d i s t a n t  p a r t  o f  the s o l a r  system. I n  January 1986, Voyager 2 made a c lose  f l y b y  o f  the  
p l ane t  Uranus, the  f i r s t  t ime t h i s  p l ane t  has ever been v i s i t e d  by a spacecraf t .  The observatory 
phase o f  t h i s  encounter, which began i n  November 1985, w i l l  i n c l u d e  d e t a i l e d  observat ions o f  the  
p lanet ,  i t s  r i ngs ,  and moons. A f t e r  the  Llranus encounter is completed, the  spacecraf t  w i l l  cont inue 
on t o  the p l a n e t  Neptune, wheke, i n  1989,  i t  w i l l  p rov ide  us wi th our f i r s t  c lose l o o k  a t  t h i s  d i s t a n t  
p lane t .  
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Pioneers 10 and 11 w i l l  con t inue  t o  exp lo re  t he  outermost s o l a r  system. Pioneer 1U  w i l l  soon e n t e r  
t he  unexplored r e g i o n  beyond P l u t o  where t h e  Sun's i n f l u e n c e  i s  secondary t o  those o f  t r u e  
i n t e r s t e l l a r  space. These spacecra f t  w i l l  con t inue  t h e  search f o r  g r a v i t a t i o n a l  evidence o f  a t e n t h  
p lanet .  Pioneers 6-9 a re  s t i l l  c o l l e c t i n g  i n f o r m a t i o n  on t h e  i n t e r p l a n e t a r y  magnetic f i e l d  and s o l a r  
wind as they o r b i t  t he  Sun. I n  1986, these spacecra f t  a r e  be ing  used t o  observe Comet Ha l l ey  as i t  
passes i n  t h e i r  v i c i n i t y .  

The Pioneer Venus o r b i t e r  con t inues  t o  o b t a i n  da ta  from Venus' atmosphere and magnetosphere. I n  
l a t e  1985, t h e  spacec ra f t ' s  spin a x i s  was ad jus ted  t o  a l low u l t r a v i o l e t  observat ions o f  Comet 
Hal ley.  The Pioneer Venus i s  t he  on l y  spacecra f t  ab le  t o  observe t h e  Comet a t  i t s  c l o s e s t  approach t o  
the  Sun and i s  p r o v i d i n g  c r i t i c a l  enhancements t o  t h e  data t o  be gathered by f o r e i g n  spacec ra f t  making 
observat ions a t  o ther  p o i n t s  l a t e r  i n  the  Comet's o r b i t .  

The p lane ta ry  f l i g h t  suppor t  a c t i v i t i e s  i nc lude  t he  procurement, ope ra t i on  and maintenance of  
m iss ion  opera t ions  and genera l  purpose s c i e n t i f i c  and engineer ing computing c a p a b i l i t i e s  a t  t he  Je t  
Propu ls ion  Laboratory  (JPL). I n  add i t i on ,  t h e  a c t i v i t y  suppor ts  t h e  development o f  t he  Space F l i g h t  
Operat ions Center a t  JPL. This f a c i l i t y  w i l l  be a v e r s a t i l e ,  c o s t- e f f e c t i v e  means f o r  c a r r y i n g  ou t  
mu l t i- miss ion  data a c q u i s i t i o n ,  te lemetry ,  image processing, and commanding o f  p l ane ta ry  and o r b i t a l  
spacecraft .  

FY 1986 funding i s  suppor t ing  seve ra l  major a c t i v i t i e s  i n  1986 -- t h e  Voyager 2 encounter with 
Uranus i n  January, and i n i t i a l  opera t ions  o f  t he  G a l i l e o  and Ulysses missions, which a re  scheduled for  
launch i n  May. Opera t iona l  suppor t  f o r  the  Voyager and Pioneer opera t ions  i s  a l so  be ing  continued, as 
w e l l  as f o r  t he  extens ion o f  the  Voyager 2 miss ion  t o  a 1989 encounter with the  p l a n e t  Neptune. 
A c t i v i t i e s  a r e  a l s o  con t i nu ing  i n  mu l t im i ss ion  suppor t  development a c t i v i t i e s .  

CHANCES FROH FY 1986 BUDGET ESTIMATE 

The $12.0 m i l l i o n  decrease was t he  r e s u l t  o f  a t r a n s f e r  o f  funds t o  G a l i l e o  development and was made 
a v a i l a b l e  as a r e s u l t  o f  t h e  rephasing o f  a c t i v i t y  associated w i t h  G a l i l e o  Operat ions and Voyager 
Extended M i s s i o n  t o  f u t u r e  years. 

BASIS OF FY 1987 ESTIMATE 

FY 1987 fund ing  i s  requ i red  f o r  t h e  cont inued ope ra t i on  and da ta  a n a l y s i s  a c t i v i t i e s  i n  suppor t  o f  
t he  Ga l i leo ,  Ulysses, Voyager and Pioneer operat ions. Development a c t i v i t i e s  w i l l  also be cont inued 
i n  FY 1987 on t h e  Space F l i g h t  Operat ions Center a t  t he  J e t  Propu ls ion  Laboratory.  
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BASIS OF PI 1987 FUNDING REQUIREMENT 

- RESEARCH AND ANALYSIS 

Suppor t ing research and technology... . 
Advanced programs..............~~.~... 
Mars da ta  analysis... ................. 
H a l l e y ' s  comet co- inves t i ga t i ons  

and watch........................... 

Total.............................. 

1986 
1985 Budget Current  

A c t u a l  Est imate Es t imate  
(Thousands o f  0-r 

45, 100 46,000 46,000 
9,500 lU, 1uu 10,lOcl 
3,100 2,800 2,800 

3,800 4,000 4, 000 

A- 61  500 62,900 62,900 

1987 
Budget 

Est imate 

47,400 
10,100 

2,900 

3,1011 

63 500 L- 

OBJECTIVES AN) STATUS 

The research and ana l ys i s  program c o n s i s t s  o f  f ou r  elements r e q u i r e d  t o  (1) assure t h a t  da ta  and 
samples re tu rned  from f l i g h t  miss ions are f u l l y  explo i ted;  ( 2 )  undertake complementary l a b o r a t o r y  and 
t h e o r e t i c a l  e f f o r t s ;  ( 3 )  def ine sc ience r a t i o n a l e  and develop r e q u i r e d  technology t o  undertake f u t u r e  
p lane ta ry  missions; and (4) coord ina te  an I n t e r n a t i o n a l  Ha l l ey  ' s  Comet Watch and p rov ide  co- 
i n v e s t i g a t o r  suppor t  t o  the  European Space Agency's G i o t t o  miss ion  t o  H a l l e y ' s  Comet. 

The suppor t ing  research and technology a c t i v i t y  i nc ludes  p lane ta ry  astronomy, p lane ta ry  atmospheres, 
p l ane ta ry  geology/geophysics, p l ane ta ry  mater ials/geochemistry,  and ins t rument  d e f i n i t i o n .  

The p lane ta ry  astronomy a c t i v i t y  i nc ludes  a l l  observat ions made by ground-based te lescopes of s o l a r  
system bodies exc lud ing  t he  Sun. Emphasis i s  on the  outermost p lane ts ,  comets and as te ro ids .  
Observat ions a re  made a t  a wide range o f  wavelengths from u l t r a v i o l e t  t o  rad io .  The r a t e  o f  new 
d i scove r i es  con t inues  t o  be high, and the  da ta  acqu i red  i s  used bo th  f o r  bas i c  research i n  suppor t  o f  
p l ane ta ry  program o b j e c t i v e s  and f o r  d i r e c t  suppor t  o f  s p e c i f i c  f l i g h t  missions. The p lane ta ry  
astronomy fund ing  a l s o  p rov ides  f o r  t he  cont inued ope ra t i on  o f  t he  I n f r a r e d  Telescope F a c i l i t y  i n  
Hawaii. 
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The p lane ta ry  atmospheres a c t i v i t y  i nc ludes  da ta  ana lys is ,  l abo ra to ry ,  and t h e o r e t i c a l  e f f o r t s .  The 
p r o p e r t i e s  o f  o ther  p l ane ta ry  atmospheres a re  amenable t o  measurement w i th  p lane ta ry  spacecra f t  and 
can a i d  us i n  b e t t e r  understanding our  own weather and c l imate.  Observat ions o f  t h e  atmospheres o f  
Venus, J u p i t e r  and Saturn, acqui red by Pioneer Venus and Voyager, have l a i d  t h e  b a s i c  obse rva t i ona l  
groundwork f o r  major advances i n  t h i s  f i e l d .  

The p lane ta ry  geology/geophysics a c t i v i t y  i s  a b road ly  scoped program t h a t  i n c l u d e s  t h e  s tudy o f  
sur face  processes, s t ruc tu re ,  and h i s t o r y  o f  s o l i d  components ( i n c l u d i n g  r i n g s )  o f  t h e  s o l a r  system 
and i n v e s t i g a t i o n  o f  t he  i n t e r i o r  p r o p e r t i e s  and processes o f  a l l  s o l a r  system bodies, b o t h  s o l i d  and 
gaseous. This program emphasizes comparat ive s tud ies  t o  ga in  a fundamental understanding o f  t h e  
p h y s i c a l  processes and laws which c o n t r o l  t he  development and e v o l u t i o n  o f  a l l  p l ane ta ry  bodies, 
i n c l u d i n g  t he  Earth.  I n  t h i s  respect ,  da ta  from t h e  Magel lan miss ion  w i l l  be o f  c r u c i a l  importance. 

The p lane ta ry  mater ia ls /geochemist ry  a c t i v i t y  suppor ts  an a c t i v e  s c i e n t i f i c  e f f o r t  t o  determine t h e  
chemistry,  m ine ra l  composit ion, age, p h y s i c a l  p r o p e r t i e s  and o t h e r  c h a r a c t e r i s t i c s  o f  s o l i d  m a t e r i a l  
i n  t h e  s o l a r  system through t h e  study o f  r e tu rned  l u n a r  samples and me teo r i t es  and through l a b o r a t o r y  
and t h e o r e t i c a l  s tud ies  of app rop r i a te  geochemical problems. E x t r a t e r r e s t r i a l  dus t  g ra ins ,  c o l l e c t e d  
fo r  ana lys is ,  con t inue  t o  y i e l d  new and otherwise unobta inable i n f o r m a t i o n  about t he  s o l a r  system, and 
i t s  e a r l y  h i s t o r y .  This program i s  coord ina ted  with t h e  l u n a r  sample and me teo r i t e  research which i s  
supported by o the r  agencies such as the  N a t i o n a l  Science Foundation. The ope ra t i on  o f  t he  Lunar 
C u r a t o r i a l  F a c i l i t y  i s  a l s o  supported by t he  p lane ta ry  mater ials/geochemical funding. 

The ins t rument  d e f i n i t i o n  a c t i v i t y  i s  d i r e c t e d  toward ensur ing maximum s c i e n t i f i c  r e t u r n  from f u t u r e  
miss ions by t h e  d e f i n i t i o n  and development o f  s ta te- of- the- ar t  s c i e n t i f i c  i ns t rumen ta t i on  which i s  
opt imized fo r  such missions. 

The o b j e c t i v e  o f  the  advanced program a c t i v i t y  i s  t o  p rov ide  p lann ing  and p repa ra t i on  f o r  t he  
systemat ic  e x p l o r a t i o n  o f  t he  s o l a r  system on a s c i e n t i f i c a l l y  and t e c h n i c a l l y  sound bas is .  
Prospect ive p lane ta ry  miss ions a r e  i d e n t i f i e d  and de f i ned  through long- range s tud ies ;  t h e i r  
t echno log i ca l  and f i s c a l  f e a s i b i l i t y  i s  evaluated, and t h e i r  s c i e n t i f i c  m e r i t  i s  determined through 
i n t e r a c t i o n  with t h e  s c i e n t i f i c  community. The s t ra tegy  f o r  f u t u r e  s o l a r  system e x p l o r a t i o n  has been 
developed by t he  So la r  System E x p l o r a t i o n  Committee (SSEC), an adv isory  group, which has recommended a 
s e r i e s  o f  " low-cost" but s c i e n t i f i c a l l y  impor tan t  p o t e n t i a l  f u t u r e  missions. 

The Mars Data Ana lys is  a c t i v i t y  con t inues  t o  ensure t h a t  we c a p i t a l i z e  on t he  weal th  o f  da ta  
p rov ided  by V i k i n g  and e a r l i e r  m iss ions  and t h a t  we a re  s c i e n t i f i c a l l y  prepared fo r  the  nex t  phase o f  
Mars exp lo ra t ion ,  more s p e c i f i c a l l y ,  the  Mars Observer mission. Whi le con t i nu ing  t o  suppor t  a v a r i e t y  
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o f  s c i e n t i f i c  i n v e s t i g a t i o n s ,  t h e  major  emphasis  o f  t h i s  program w i l l  a d d r e s s  t h e  o r i g i n  and e v o l u t i o n  
o f  M a r t i a n  v o l a t i l e s .  

The I n t e r n a t i o n a l  Halley's Comet C o- I n v e s t i g a t i o n s  and Watch is  c a p i t a l i z i n g  on o b s e r v i n g  Comet 
Halley i n  1985-1986 by s u p p o r t i n g  c o- i n v e s t i g a t o r s  on t h e  European Space Agency's  (ESA) G i o t t o  
miss ion ,  and by conduc t ing  complementary remote  s e n s i n g  i n v e s t i g a t i o n s  u s i n g  b o t h  E a r t h- o r b i t i n g  and 
ground-based f ac i l i t i e s .  The ESA G i o t t o  m i s s i o n  w i l l  f l y  by Halley's Comet i n  1986. C o n c u r r e n t l y ,  a n  
o b s e r v a t i o n  program c a l l e d  t h e  I n t e r n a t i o n a l  Halley Watch, c o o r d i n a t e d  by t h e  Uni ted  S t a t e s ,  w i l l  
conduct  world-wide s c i e n t i f i c  o b s e r v a t i o n s  o f  t h e  Comet Halley. (1) 
t o  c o o r d i n a t e  s c i e n t i f i c  o b s e r v a t i o n s  o f  Comet Halley th rough  i t s  1985-1986 a p p a r i t i o n ;  ( 2 )  t o  promote 
t h e  use o f  s t a n d a r d i z e d  i n s t r u m e n t a t i o n  and o b s e r v i n g  t e c h n i q u e s ;  ( 3 )  t o  h e l p  i n s u r e  t h a t  d a t a  is 
p r o p e r l y  documented and a r c h i v e d ;  and (4)  t o  r e c e i v e  and d i s t r i b u t e  d a t a  t o  p a r t i c i p a t i n g  s c i e n t i s t s .  

The o b j e c t i v e s  o f  t h e  Watch are: 

BASIS OF FY 1987 ESTINATE 

During FY 1987, r e s e a r c h  e f f o r t s  w i l l  c o n t i n u e  i n  t h e  areas o f  p l a n e t a r y  astronomy, p l a n e t a r y  
a tmospheres ,  p l a n e t a r y  geology/geophysics ,  p l a n e t a r y  m a t e r i a l s / g e o c h e m i s t r y  , i n s t r u m e n t  d e f i n i t i o n ,  
Mars d a t a  a n a l y s i s ,  and i n  t h e  development o f  r e q u i r e d  t echno logy  t o  u n d e r t a k e  fu tu re  miss ions .  
Ground t e l e s c o p e  o b s e r v a t i o n s  w i l l  p r o v i d e  d a t a  complementary t o  t h a t  o b t a i n e d  from t h e  f l i g h t  
m i s s i o n s ,  w i t h  emphasis  on t h e  ou te rmos t  p l a n e t s ,  comets and a s t e r o i d s .  A v a r i e t y  o f  e f f o r t s  w i l l  be  
pursued t o  improve o u r  u n d e r s t a n d i n g  o f  p l a n e t a r y  a tmospheres ,  i n c l u d i n g  l a b o r a t o r y  s t u d i e s  of 
r e a c t i o n s  i n  deep p l a n e t a r y  and t enuous  cometary atmospheres.  Geology/geophysics r e s e a r c h  w i l l  be 
d i r e c t e d ,  i n  FY 1987, a t  s p e c i f i c  problems i n  u n d e r s t a n d i n g  t h e  v a r i o u s  p r o c e s s e s  t h a t  have shaped 
p l a n e t a r y  s u r f a c e s ,  a s  well as g e o l o g i c a l  a n a l y s e s  and a c a r t o g r a p h y  e f f o r t  based on t h e  G a l i l e a n  and 
S a t u r n i a n  s a t e l l i t e  imaging d a t a  a c q u i r e d  by Voyager. A n a l y s i s  o f  l u n a r  samples ,  m e t e o r i t e s ,  and 
e x t r a t e r r e s t r i a l  d u s t  p a r t i c l e s  w i l l  be  c o n t i n u e d  i n  FY 1987 t o  d e t e r m i n e  t h e i r  chemica l  and p h y s i c a l  
p r o p e r t i e s  and t h e r e b y  d e r i v e  t h e i r  o r i g i n  and e v o l u t i o n a r y  h i s t o r y .  I n s t r u m e n t  d e f i n i t i o n  f o r  
p o t e n t i a l  f u t u r e  m i s s i o n s  w i l l  be a l s o  b e  c o n t i n u e d  i n  FY 1987. 

The FY 1987 Halley's Comet C o- I n v e s t i g a t i o n s  and Watch fund ing  is r e q u i r e d  t o  c o n t i n u e  s u p p o r t  o f  
U.S. c o- i n v e s t i g a t o r s  i n v o l v e d  i n  t h e  European Space Agency's G i o t t o  m i s s i o n  who w i l l  be a n a l y z i n g  t h e  
d a t a  a c q u i r e d  from Halley's Comet f l y b y  o f  Ear th .  

The FY 1987 fund ing  is  a l s o  r e q u i r e d  t o  c o n t i n u e  o p e r a t i o n s  o f  b o t h  t h e  I n f r a r e d  Te lescope  Fac i l i ty  
and t h e  Lunar C u r a t o r i a l  F a c i l i t y .  
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SOLID EARTH 
OBSERVATIONS 



RESEARCH AND OEVELOPUENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET !jUMARY 

& F I E  OF PACE SCIENCE AND APPLICATIONS 

S W A R Y  OF RESOURCE REQUIREMENTS 

SOLID EARTH OBSERVATIONS PROGRAM 

1986 1987 - 
1985 Budget Current  Budget Page 

Actua l  Est imate Est imate Est imate Number 
(Thousands o f  Dollars) 

Shutt le/Spacelab payloads.... ......... 12,100 23,100 23, l0cl 21,600 RD 6-4 
RD 6-6 

Research and analysis.. ............... 15,600 20,100 20,1110 20,400 RD 6-8 
Geodynamics ........................... 29,900 31,700 31,700 32, l11b 

Total............................,.. 57,6011 74,9Iru 74,9011 74,100 -- 
D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n  

Johnson Space Center.................. 940 250 1,000 801, 
Marsha l l  Space F l i g h t  Center.......... 250 277 3uIr b00 
Goddard Space F l i g h t  Center........... 32,360 37,175 37,500 36,30U 
J e t  Propuls ion Laboratory............. 14,952 2&, 184 26,200 26,100 
Ames Research Center.................. 2,578 645 &00 800 
Na t i ona l  Space Technology Laborator ies  2,213 2,875 2,7011 2, bo0 
Headquarters.................. ........ 4,307 5,494 6,40U 6,500 

Total............................... 57,600 74,900 74,900 74, lW 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION 

SOLID EARTH OBSERVATIONS PROGRAM 

The o b j e c t i v e s  of t he  S o l i d  E a r t h  Observat ions Program a re  t o  understand t he  processes c o n t r o l l i n g  
the  s t a t e  o f  t he  l a n d  sur face  and t h e  i n t e r i o r  o f  t he  E a r t h  as w e l l  as t h e  i n t e r a c t i o n  o f  t he  s o l i d  
E a r t h  w i th  the  atmosphere and the  oceans. The S o l i d  E a r t h  Observat ions Program i s  an i n t e g r a l  p a r t  o f  
t he  o v e r a l l  NASA E a r t h  Science and App l i ca t i ons  e f f o r t  t o  inc rease  our understanding o f  t he  p lane t  
E a r t h  through the  study of  i t s  dynamics, t he  p h y s i c a l  processes which a f f e c t  i t s  h a b i t a b i l i t y ,  and i t s  
s o l a r - t e r r e s t r i a l  environment. 

S p e c i f i c  l a n d  sur face  o b j e c t i v e s  i n c l u d e  de te rmina t ion  o f  t he  t e r r e s t r i a l  landscape i n c l u d i n g  t he  
biosphere and the  hydrosphere, and understanding t h e  changes and change mechanisms t h a t  a re  occu r r i ng  
within t h a t  landscape. Studies o f  the  c y c l i n g  o f  key biogeochemical elements, i n t e r a c t i o n s  between 
the  b iosphere and t he  c l i m a t i c  system, and t h e  composit ion and e v o l u t i o n  o f  c r u s t a l  rock  sytems a r e  
e s s e n t i a l  t o  these ob jec t i ves .  

The geodynamics research o b j e c t i v e s  i n c l u d e  de te rmina t ion  o f  t h e  movements and deformat ion o f  t he  
E a r t h ' s  crust ,  t he  processes which d r i v e  t e c t o n i c  p la tes ,  t h e  r o t a t i o n a l  dynamics o f  t h e  E a r t h  and i t s  
i n t e r a c t i o n s  w i t h  the  atmosphere and oceans, t h e  Ea r th ' s  g r a v i t y  and magnetic f i e l d s ,  and t he  i n t e r i o r  
s t r u c t u r e  and composit ion o f  the  Earth. These o b j e c t i v e s  r e q u i r e  p r e c i s e  measurements o f  c r u s t a l  
movements and Ea r th  o r i e n t a t i o n  over an extended p e r i o d  a long wi th accurate knowledge o f  t he  
v a r i a b i l i t y  o f  the  Ea r th ' s  geopo ten t i a l  f i e l d s .  

The o b j e c t i v e  o f  t he  Shutt le/Spacelab payload development p r o j e c t  i s  t o  develop, t e s t  and eva lua te  
Earth- viewing remote sensing ins t ruments  and systems t o  o b t a i n  da ta  f o r  s o l i d  e a r t h  observat ions 
research. The S h u t t l e  Imaging Radar, which was f lown on the  S h u t t l e  i n  October, 1984, has 
demonstrated t he  u t i l i t y  o f  spaceborne imaging radar  f o r  geo log ic  exp lo ra t ion .  The Large Format 
Camera (LFC), r equ i red  f o r  h i g h  r e s o l u t i o n  mapping app l i ca t i ons ,  was f lown success fu l l y  on t he  S h u t t l e  
i n  1984 and i s  p r e s e n t l y  under cons ide ra t i on  f o r  poss ib le  commerc ia l i za t ion  upon complet ion o f  t he  
research and development phase. The n e x t  genera t ion  S h u t t l e  Imaging Radar, i n v o l v i n g  use of  SIH-B 
components and a mu l t i- po la r i zed ,  d u a l  frequency ins t rument  i s  under development f o r  f l i g h t  i n  the  

RD 6-2 



early 199b's .  The imaging s p e c t r o m e t e r  and s o l i d - s t a t e  s e n s o r  r e s e a r c h  e f f o r t s  w i l l  c o n t i n u e  t o  f o c u s  
on t h e  development o f  such  features as  e l e c t r o n i c  s c a n ,  i n h e r e n t  geomet r i c  and s p e c t r a l  r e g i s t r a t i o n  
and programmable h i g h  s p a t i a l  and s p e c t r a l  r e s o l u t i o n .  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

SHUTTLE/SPACELAB PAYLOAD DEVELOPMENT 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
nhousands o f  D o l l a r s )  

Imaging radar  program................. 6,100 13,4UO 14,400 13,000 

Advanced spectrometer................. 5,600 9,700 8,200 8,400 
Large format camera................... 4u0 --- 5uo 200 

Total............................... 12,1u0 23,  l l i b  23,llrO 21,606 

OBJECTIVES AN)  STATUS 

The o b j e c t i v e  o f  t h i s  program i s  t o  develop, t e s t ,  and eva luate  Earth- viewing remote sensing 
ins t ruments  and systems t o  ob ta i n  data f o r  l a n d  remote sensing research. 

Preparat ions a r e  con t i nu i ng  f o r  a r e f l i g h t  o f  t he  Large Format Camera (LFC) and the  S h u t t l e  Imaging 
Radar-B (SIR-6). The SIR-8 w i l l  ob ta i n  a q u a n t i t a t i v e  assessment o f  the  e f f e c t  o f  va r ious  radar  
v iewing geometries on the mapping o f  su r face  t e x t u r e  and topographic features.  The SIR-B 
ins t rumenta t ion  i s  based on an upgraded SIR- A ins t rument  i n c l u d i n g  t h e  a d d i t i o n  o f  a v a r i a b l e  l ook  
angle antenna, d i g i t a l  data handl ing,  and increased bandwidth and reso lu t ion .  Data i s  recorded on- 
board and t r ansm i t t ed  v i a  the Track ing and Data Relay S a t e l l i t e  System (TDRSS). Fo l low ing  t h e  
r e f l i g h t  o f  SIR-B, use o f  the  SIR-B components f o r  use i n  b u i l d i n g  t h e  nex t  generat ion S h u t t l e  Imaging 
Radar ins t rument  w i l l  be reviewed. The S I R- C  ins t rument  w i l l  u t i l i z e  mu l t i- po la r i zed ,  dua l  frequency 
sensor technology. 

Advanced spectrometer technology development a c t i v i t i e s  i nc l ude  fundamental research i n  remote 
sensing i n v o l v i n g  a i rbo rne  and spaceborne imaging spectrometer instruments.  The imaging spectrometer 
and l i n e a r  a r ray  s o l i d - s t a t e  sensor research focuses on the development o f  such f ea tu res  as e l e c t r o n i c  
scan, i nhe ren t  geometric and s p e c t r a l  r e g i s t r a t i o n ,  and programmable h i gh  s p a t i a l  and s p e c t r a l  
reso lu t ion .  The c r i t i c a l  otechnology development and suppor t ing  research on t he  S h u t t l e  Imaging 
Spectrometer Experiment ( S I S E X )  and t he  l i n e a r  a r ray  f o c a l  p lane w i l l  cont inue. 
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CHANGES FRW FY 1966 BUDGET ESTIMATE 

The FY 1986 c u r r e n t  estimate remains  unchanged i n  t o t a l  from t h e  budget  estimate, however funds  have 
been p rov ided  from t h e  p r e v i o u s  Advanced Spec t romete r  estimate i n  o r d e r  t o  p r o v i d e  fund ing  f o r  
r e f l i g h t  ac t iv i t ies  under  review i n  t h e  Imaging Radar and Large Format Camera p r o j e c t s .  

BASIS OF FY 1987 ESTIMATE 

FY 1987 fund ing  is r e q u i r e d  f o r  r e f l i g h t  o f  t h e  Large  Format Camera and t h e  S h u t t l e  Imaging Radar-B 
(SIR-B) p l u s  d a t a  a n a l y s i s .  FY 1987 fund ing  is a l s o  r e q u i r e d  f o r  c o n t i n u e d  development of SIR-C 
techno logy ,  and f o r  advanced s p e c t r o m e t e r  a c t i v i t i e s  i n c l u d i n g  t h e  development o f  t h e  S h u t t l e  Imaging 
Spec t romete r  Experiment. 
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BASIS OF FY 1987 FUNDING REQUIREMENTS 

GEODYNAMICS 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
(ihousands o f  D m  

C r u s t a l  dynamics project.............. 18,000 18,500 18,500 18,100 
Laser network operations... ........... 8,0110 8,500 8,500 8,600 
Research and technique development... . 3,900 4,700 4,700 5,400 

Total............................... 29,900 31,70c1 31,7UO 32,100 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  the Geodynamics program i s  t o  understand the  o r i g i n ,  evo lu t ion ,  and cu r ren t  s t a t e  
o f  the  s o l i d  Ea r t h  by measuring t he  movement and deformat ion o f  the  t e c t o n i c  p l a t e s  and by measuring 
i t s  r o t a t i o n a l  dynamics and p o t e n t i a l  f i e l d s .  Laser ranging, microwave i n t e r f e rome t r y  and the g l o b a l  
p o s i t i o n i n g  s a t e l l i t e s  are used t o  determine p rec i se  p o s i t i o n  l oca t i ons .  The g l o b a l  g r a v i t y  and 
magnetic f i e l d s  a re  determined from s a t e l l i t e  observat ions.  

Measurements over the  past  f i v e  years have prov ided exper imental  de te rmina t ion  o f  t h e  v e l o c i t i e s  of 
seve ra l  o f  the major t e c t o n i c  p la tes .  Measurements o f  r e g i o n a l  deformat ion across t h e  San Andreas 
F a u l t  cont inue t o  i n d i c a t e  a r e l a t i v e  movement o f  t he  P a c i f i c  and Nor th  American P l a t e  o f  about 6 cm 
per  year. I n  add i t i on ,  new measurements i n d i c a t e  t h a t  about 4 cm o f  t h i s  movement i s  occu r r i ng  i n  
Southern Ca l i f o rn i a .  Measurements o f  p o l a r  mot ion and changes i n  t he  l e n g t h  o f  day have been 
cor re la ted ,  t o  a h i gh  degree, w i th  v a r i a t i o n s  i n  t he  angular  momentum and t he  i n e r t i a l  balance o f  t he  
Ea r t h ' s  atmosphere due t o  h i g h  a l t i t u d e  winds. I n  1982 the  E a r t h ' s  r o t a t i o n  was found t o  have slowed 
by f i v e  m i l l i seconds  due t o  the E l  Nino e f f e c t .  The Ea r t h ' s  r o t a t i o n a l  dynamics a re  a l s o  i n f l uenced  
by mot ions o f  the  Ea r t h ' s  core and t he  oceans. Models o f  the  Ea r t h ' s  g r a v i t y  f i e l d ,  de r i ved  from 
Laser Geodynamics S a t e l l i t e  (LAGEOS-1) data have prov ided the f i r s t  evidence o f  g r a v i t y  f i e l d  
va r i a t i ons .  These v a r i a t i o n s  a re  be l i eved  t o  be caused by cont inued r e l a x a t i o n  o f  t h e  c r u s t  f o l l o w i n g  
the  l a s t  i c e  age ana have conf i rmed est imates o f  the  v i s c o s i t y  o f  the  E a r t h ' s  mant le layer .  Ana lys is  
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o f  t h e  magnet ic  f i e l d ,  u s i n g  d a t a  from Magsat h a s  conf i rmed  ( w i t h i n  a few p e r c e n t )  t h e  d i a m e t e r  o f  t h e  
E a r t h ' s  o u t e r  c o r e  (de te rmined  by s e i s m o l o g i c a l  measurements)  and h a s  p rov ided  new d a t a  on secular 
v a r i a t i o n s  o f  t h e  magnet ic  f i e l d .  

BASIS OF FY 1987 ESTIMATE 

I n  FY 1987,  measurements of p l a t e  mot ion between North America and Europe w i l l  be  c o n t i n u e d  i n  
c o o p e r a t i o n  w i t h  NOAA and several European c o u n t r i e s .  Measurements o f  t h e  mot ions  o f  t h e  Pacific 
Pla te  w i l l  a l s o  b e  c o n t i n u e d  i n  c o o p e r a t i o n  w i t h  DoD and Japan  and w i l l  be  ex tended  t o  i n c l u d e  
China. I n  a d d i t i o n ,  r e g i o n a l  c r u s t a l  de fo rmat ion  measurements i n  t h e  wes te rn  North America w i l l  
c o n t i n u e  i n  FY 19116 i n  c o o p e r a t i o n  w i t h  NOAA, Canada and Mexico. S i m i l a r  measurements w i l l  be 
i n i t i a t e d  i n  Europe i n  c o o p e r a t i o n  w i t h  a consor t ium o f  10 European, North A f r i c a n ,  and Mid-East 
c o u n t r i e s .  The Car ibbean s t u d i e s  w i l l  be c o n t i n u e d  i n  FY 1987 and are expec ted  t o  i n v o l v e  some e i g h t  
c o u n t r i e s  by 1988. 

LAGEOS-1 and o t h e r  s a t e l l i t e s  w i l l  c o n t i n u e  t o  be used i n  FY 1987 f o r  s t u d i e s  o f  p l a t e  motion. NASA 
iystems i n  t h e  U.S., Pacific, South  America, and Australia w i l l  b e  o p e r a t e d  i n  c o o p e r a t i o n  w i t h  laser 
systems i n  12 o t h e r  c o u n t r i e s .  The j o i n t  LAGEOS-2 m i s s i o n  w i t h  I t a l y  w i l l  be launched by t h e  U. S .  i n  
1987. 

T h e o r e t i c a l  s t u d i e s  o f  c rus ta l  mot ion,  i n t e r n a l  E a r t h  structure and compos i t ion ,  and t h e  modeling 
and i n t e r p r e t a t i o n  o f  g e o p o t e n t i a l  f i e l d s  w i l l  b e  c o n t i n u e d  i n  FY 1987. I n  a d d i t i o n ,  system s t u d i e s  
o f  a second magnet ic  f i e l d  s a t e l l i t e  f o r  long- term measurements o f  t h e  E a r t h ' s  f i e l d ,  s t u d i e s  o f  
g e o p o t e n t i a l  r e s e a r c h  and l a b o r a t o r y  development o f  room- temperature and c r y o g e n i c  g r a v i t y  g r a d i o m e t e r  
i n s t r u m e n t a t i o n  w i l l  be  c o n t i n u e d  i n  FY 1987. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

RESEARCH AND ANALYSIS 

1986 1987 
1985 Budget C u r r e n t  Budget 

Actual Estimate Estimate Estimate 

Biochemical  processes................. 4,000 4,700 4,700 4,8U0 
G e o l o g i c a l  processes.................. 5,100 6,3l~0 6,300 6,400 
Hydrologic  processes.................. 2,900 5,100 5,100 5,100 
Remote s e n s i n g  science................ 3,600 4, 0clo 4,000 4,100 

Total............................... 15,600 20,100 20,lljO 20,400 

08JECTIVES AND STATUS 

The major o b j e c t i v e s  o f  t h e  S o l i d  E a r t h  Research and A n a l y s i s  Program are t o  c h a r a c t e r i z e  t h e  
p h y s i c a l ,  g e o l o g i c a l  and b i o l o g i c a l  s t a t e  o f  t h e  E a r t h ' s  s u r f a c e ,  t o  e x p l o r e  its v a r i a t i o n  w i t h  time, 
t o  unders tand  t h e  p r o c e s s e s  which c o n t r o l  i t s  s t a t e  and its i n t e r a c t i o n s  w i t h  t h e  a tmospher ic  and 
h y d r o l o g i c  systems. 

E x i s t i n g  o p e r a t i o n a l  and r e s e a r c h  s e n s o r  systems are  used t o  g a t h e r  d a t a  on l a n d  surface p r o p e r t i e s  
and t h e i r  v a r i a t i o n s .  O b s e r v a t i o n s  are a l s o  conducted u s i n g  e x p e r i m e n t a l  systems on a i r b o r n e  and 
space- based p l a t f o r m s .  T h e o r e t i c a l  models are fo rmula ted  and v a l i d a t e d  u s i n g  t h e s e  o b s e r v a t i o n a l  
systems, t h e  r e s u l t i n g  a l g o r i t h m s  are used i n  t h e  a n a l y s i s  o f  l a n d  s u r f a c e  p r o p e r t i e s  and p r o c e s s e s .  
O b s e r v a t i o n a l  systems are used which o p e r a t e  i n  t h e  v i s i b l e ,  i n f r a r e d  and microwave r e g i o n s  o f  t h e  
spect rum,  and bo th  a c t i v e  and p a s s i v e  systems are used.  Much o f  t h e  emphasis is  on q u a n t i f i c a t i o n  o f  
changes  t o  t h e  l a n d  s u r f a c e ,  whether  i t  be from n a t u r a l  o r  a n t h r o p o g e n i c  causes. 

The g e o l o g i c  p r o c e s s e s  program a d d r e s s e s  t h e  s t u d y  o f  t h e  e v o l u t i o n  o f  t h e  E a r t h ' s  crust on a g l o b a l  
b a s i s  w i t h  m u l t i s p e c t r a l  remote  s e n s i n g  t e c h n i q u e s .  The re la t ive  d i s t r i b u t i o n  o f  rock  t y p e s ,  s p e c t r a l  
p r o p e r t i e s  o f  r o c k s ,  r e g i o n a l  t e c t o n i c s ,  rock wea the r ing  p r o c e s s e s  and g e o b o t a n i c a l  r e l a t i o n s h i p s  are 
i m p o r t a n t  r e s e a r c h  t o p i c s  t h a t  are b e i n g  a d d r e s s e d  f o r  many t y p e s  o f  g e o l o g i c  environments .  
M u l t i s p e c t r a l  remote  s e n s i n g  ' d a t a  a n a l y s i s  s t u d i e s  are s u p p o r t e d  by l a b o r a t o r y  and f i e l d  s p e c t r o m e t e r y  
and f i e l d  mapping e f f o r t s  t o  ve r i fy  s p e c t r a l  p r o p e r t i e s  and i n t e r a c t i o n s .  
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Biochemical processes a re  s tud ies  through g l o b a l  and c o n t i n e n t a l  sca le  observa t ion  programs us ing  
ope ra t i ona l  s a t e l l i t e  data products  and a n a l y t i c a l  techniques developed f o r  t h i s  purpose. 
A d d i t i o n a l l y ,  h i g h  s p e c t r a l  r e s o l u t i o n  s t u d i e s  a r e  conducted us ing  a i r c r a f t  p l a t f o rms  and r e g i o n a l  
sca le  s tud ies  a re  conducted u s i n g  t he  Landsat Thematic Mapper. The a r e a l  ex ten t  and temporal  
v a r i a b i l i t y  o f  ecosystems a re  inves t iga ted ,  and the  causal  mechanism sought. 

CHANGES FROM FY 1986 BUDGET ESTIMATE 

I n  FY 1986 $1.5 m i l l i o n  w i l l  be a p p l i e d  t o  m o d i f i c a t i o n s  on t he  G a l i l e o  replacement a i r c r a f t .  

BASIS FOR FY 1987 ESTIMATE 

I n  FY 1987 emphasis w i l l  be on i n v e s t i g a t i o n s  of  t he  E a r t h ' s  systems which a re  undergoing s t ress ,  i n  
order  t o  b e t t e r  understand the  processes which c o n t r o l  such systems. S p e c i f i c  reg ions  w i l l  be 
i d e n t i f i e d  f o r  study, long- term observat ions w i l l  be i n i t i a t e d  and data w i l l  be assembled from 
e x i s t i n g  s a t e l l i t e  data, and i n t e n s i v e  f i e l d  measurement programs w i l l  be def ined. P i l o t  s tud ies  t o  
v a l i d a t e  methodologies w i l l  be conducted and g l o b a l  t o  r e g i o n a l  sca le  process models w i l l  be developed 
and u t i l i z e d  f o r  process ing t he  data. A m ix tu re  o f  biomes and s t r e s s  f a c t o r s  w i l l  be i d e n t i f i e d ;  
i n i t i a l  emphasis w i l l  be on semi- arid t o  a r i d  reg ions  undergoing seasonal o r  mul t i- year  drought and on 
f o res t  biomes under s t r e s s  from a c i d  r a i n  and conversion. The a c t i v i t i e s  a re  c l o s e l y  associated with 
t he  I n t e r n a t i o n a l  S a t e l l i t e  Land Surface Cl imato logy P r o j e c t  (ISLSCP) and t he  I n t e r n a t i o n a l  Global  
Change Program. A major f i e l d  experiment w i l l  be conducted i n  1987 under t he  auspices o f  ISLSCP and 
the  World Cl imate Research Program. 

The FY 1987 a c t i v i t i e s  w i l l  a l so  emphasize s t u d i e s  t o  determine c o n t i n e n t a l  r ock  type  and e ros ion  
processes i n  semi- arid reg ions  i n  sedimentary basins. Newly developed sensor systems such as t h e  
Advanced V i s i b l e- I n f r a r e d  Imaging Spectrometer ( A V I R I S )  , quad- po la r iza t ion  L- & C-Band imaging radar  
and the  Thermal V i s i b l e- I n f r a r e d  Imaging Spectrometer ( T I M S )  w i l l  be used i n  these i n v e s t i g a t i o n s ,  and 
w i l l  serve as p ro to types  f o r  s h u t t l e  ins t ruments  now under development and f o r  f u t u r e  Space S t a t i o n  
p o l a r  p l a t f o rm  instruments.  The themat ic  mapper on t h e  ope ra t i ona l  Landsat w i l l  con t inue  t o  serve as 
the  f o c a l  ins t rument  f o r  m u l t i d i s c i p l i n a r y  i nves t i ga t i ons ,  w i t h  p a r t i c u l a r  emphasis on t he  t e c t o n i c  
s t r u c t u r e  o f  c o n t i n e n t a l  highlands. 
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RESEARCH AND DEVELOPMENT 

fISCAL YEAR 1987 ESTIMATES 

BUDGET W A R Y  

OFFICE OF SPACE SCIENCE AND APPLICATIONS ENVIROWENTAL OBSERVATIONS PROGRAM 

S W A R Y  O f  RESOURCES REQUIREMENTS 

Upper atmosphere r e s e a r c h  and a n a l y s i s  
Atmospheric dynamics and r a d i a t i o n  

research and a n a l y s i s .  .............. 
Oceanic p r o c e s s e s  research and 

ana lys i s . . . .  ........................ 
Space p h y s i c s / r e s e a r c h  and a n a l y s i s . .  . 
Payload and ins t rument  development .... 
E a r t h  r a d i a t i o n  budget  experiment.. . . .  
Extended miss ion  o p e r a t i o n s .  .......... 
I n t e r d i s c i p l i n a r y  r e s e a r c h  and 

analysis ............................ 
Tethered  s a t e l l i t e  payloads...... ..... 
Scatterometer......................... 
Upper atmosphere research s a t e l l i t e  

mission............................. 
Ocean topography experiment.......... . 

Total.............................. 

1985 
Actual  

31, UOO 

28,50b 

19,400 
16,700 

7 ,  tluu 
8,100 

29,50b 

1, 0oLJ 

12 ,  000 

55,70lJ 

3 ,  000 

--- 
212,700 

1986 
Budget C u r r e n t  

Estimate Estimate 
(Thousanbs o f  Dollars) 

33, uIi0 33,000 

30,  31rb 3u ,  3liu 

20,60b 2U ,601, 
17,800 17,800 

5,6UU 5,6LJU 

37,  0Ij0 37,  00Cl 
2,000 2, UUO 

1 ,000 1 ,000 
4,500 4,51i0 

31,7bU 1 4 ,  00U 

134,  U0b 124,000 

317, 5bu 2b9, 8bU 

1987 
Budget 

Estimate 

33,400 

30,901r 

Zb , tlu0 

1 2 ,  Cluo 
18,000 

--- 
33,60U 

1 , l U U  
1,000 

35, YOU 

152,Zbb 
29.000 
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Number 
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RD 7-15 
RD 7-18 
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RD 7-22 
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RD 7-25 
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367. YUU 
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1985 
A c t u a l  

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n  

Johnson Space Center .................. 170 
M a r s h a l l  Space F l i g h t  Center .......... 6 .  2[10 
Goddard Space F l i g h t  Center ........... 126. 416 
J e t  P ropu ls ion  Labora tory  ............. 31. 266 

5. 559 
Langley Research Center ............... 1IJ. 516 

Headquarters .......................... 30. 513 

Ames Research Center .................. 
N a t i o n a l  Space Techonology Labora to r ies  60 

T o t a l  ............................... 212. 700 

1Yb6 1987 
Budget Cur rent  Budget 

Est imate  Est imate  Est imate  
(Thousands o f  D o l l a r s )  

47 7 
10. 315 
206. 466 
56. 057 
3. 662 

1U . 503 
237 

29. 783 

200 
11. 200 
190. 30U 
31. 800 
2. 700 
19. 21rO 

100 
34. 30rJ 

317. 500 289. 800 

200 
8. 50ij 

219. 500 

2. 70U 
18. 601j 

100 

82. 901j 

35. 401r 

367. 901~ 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BFffCE BF SPACE SCIENCE AND APPLICATIONS ENVIROMENTAL OBSERVATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION 

The o b j e c t i v e s  o f  the  Environmental  Observat ions program a re  t o  improve our understanding o f  t he  
processes i n  the  magnetosphere, atmosphere, and the  oceans; t o  p rov ide  space observat ions  of 
parameters i n v o l v e d  i n  these processes; and t o  extend the n a t i o n a l  c a p a b i l i t i e s  t o  p r e d i c t  
envi ronmental  phenomena, bo th  s h o r t  and l o n g  term, and t h e i r  i n t e r a c t i o n  w i th  human a c t i v i t i e s .  
Because many o f  these phenomena are  g l o b a l  or reg iona l ,  they can be most e f f e c t i v e l y ,  and sometimes 
on ly  observed from space. NASA 's  programs i n c l u d e  s c i e n t i f i c  research e f f o r t s  p lus t h e  development of 
new technology f o r  g l o b a l  and synop t i c  measurements. NASA's research s a t e l l i t e s  p rov ide  a unique view 
o f  t h e  r a d i a t i v e ,  chemical, plasma acce le ra t i on ,  and dynamic processes o c c u r r i n g  i n  the  magnetosphere, 
atmosphere, and oceans. 

To achieve these goals, a number o f  s i g n i f i c a n t  o b j e c t i v e s  have been es tab l i shed  f o r  the  n e x t  
decade. These i n c l u d e  advancing the  understanding o f  t h e  upper atmosphere through t h e  de te rm ina t ion  
of the  s p a t i a l  and temporal  d i s t r i b u t i o n  o f  ozone and s e l e c t  n i t rogen ,  hydrogen, and c h l o r i n e  species 
i n  the  upper atmosphere and t h e i r  sources i n  the lower  atmosphere; o p t i m i z i n g  the  use o f  space-derived 
measurements i n  understanding l a r g e  sca le  weather pa t te rns ;  advancing our knowledge o f  severe storms 
and f o r e c a s t i n g  c a p a b i l i t i e s ,  ocean p r o d u c t i v i t y ,  c i r c u l a t i o n ,  and a i r- sea i n t e r a c t i o n s ;  improv ing t h e  
knowleage o f  seasonal c l i m a t e  v a r i a b i l i t y  l e a d i n g  t o  a long- term s t r a t e g y  f o r  c l i m a t e  observa t ion  and 
p r e d i c t i o n ;  and enab l ing  a comprehensive understanding o f  s o l a r  t e r r e s t r i a l  processes and a d e t a i l e d  
de te rm ina t ion  o f  the  phys ics  and coup l i ng  between the  s o l a r  wind, magnetosphere, ionosphere, and 
atmosphere. 

E f f e c t i v e  u t i l i z a t i o n  o f  remote sensing r e q u i r e s  a balanced s e t  o f  a c t i v i t i e s  i n c l u d i n g :  a n a l y t i c a l  
modeling and s imula t ion ;  l a b o r a t o r y  research o f  fundamental processes; development o f  i ns t rumen ta t ion ,  
f l i g h t  of the  ins t ruments  on the  Space S h u t t l e  and ded ica ted spacecra f t ;  c o l l e c t i o n  o f  -- i n  s i t u  
a n c i l l a r y  or  v a l i d a t i o n  data; and s c i e n t i f i c  a n a l y s i s  o f  data. The approach i s  t o  develop a 
t e c h n o l o g i c a l  c a p a b i l i t y  wi th a s t r o n g  s c i e n t i f i c  base and then t o  c o l l e c t  approp r ia te  data, th rough 
remote and i n  s i t u  means, whjch w i l l  address s p e c i f i c  program ob jec t i ves .  

The Upper Atmospheric Research S a t e l l i t e  (UARS) w i l l  p l ace  a s e t  o f  ins t ruments  i n  E a r t h  o r b i t  which 
w i l l  make comprehensive measurements o f  t h e  s t a t e  o f  t he  s t ra tosphere ,  p r o v i d i n g  da ta  about the  
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E a r t h ' s  upper atmosphere i n  s p a t i a l  and temporal  dimensions which a r e  p r e s e n t l y  unat ta inab le .  
D e t a i l e d  d e f i n i t i o n  s tud ies  o f  t he  ins t ruments  have been completed, and the  design and development 
a c t i v i t i e s  are  w e l l  underway. Development o f  t he  UARS observatory w i l l  cont inue i n  FY 1987. 

The E a r t h  Rad ia t i on  Budget S a t e l l i t e  (ERBS) was successfu l ly  launched i n  1984, and data  cont inues t o  
be c o l l e c t e d  from the s a t e l l i t e .  The ERBE ins t ruments  which w i l l  be f lown on NOAA-G have been 
completed. NOAA-F was launched December 12, 1984, with a s e t  o f  ERBE ins t rumenta t ion ;  t he  NOAA-G 
launch i s  scheduled f o r  March 1986. NASA i s  a l s o  c o n t i n u i n g  t o  suppor t  t he  N a t i o n a l  Oceanic and 
Atmospheric A d m i n i s t r a t i o n  (NOAA) by managing the  implementat ion o f  t he  p o l a r  o r b i t i n g  NOAA and 
Geosta t ionary  Operat iona l  Environmental  S a t e l l i t e s  (GOES) s e r i e s  on a re imbursable basis.  

Design and development a c t i v i t i e s  a re  be ing  cont inued i n  FY 1987 on a delayed b a s i s  on the  NASA 
Scat terometer (NSCAT), which w i l l  be f l own  on the  Navy Remote Ocean Sensing System (N-ROSS) i n  l a t e  
1990, t o  acqu i re  g l o b a l  ocean data  f o r  o p e r a t i o n a l  and research use by both  t h e  m i l i t a r y  and c i v i l  
sec tors .  

The Ocean Topography Experiment (TOPEX) i s  be ing  proposed as a new s t a r t  i n  FY 1987; i t s  o b j e c t i v e  
i s  t o  acqu i re  p r e c i s e  observat ions  o f  the  su r face  topography o f  t h e  oceans. These data, i n  
c o n j u n c t i o n  wi th  those from NSCAT, w i l l  enable the  f i r s t  de te rm ina t ion  o f  the  wind f o r c i n g  and ocean- 
c u r r e n t  response o f  t h e  g l o b a l  oceans. 

The Nimbus spacecra f t  cont inues t o  c o l l e c t  unique data  which i s  be ing used i n  the  study o f  l o n g  term 
t rends  o f  t he  E a r t h ' s  atmosphere, oceans and p o l a r  i c e ,  and prov ides near r e a l  t ime data. C o l l e c t i o n  
and a n a l y s i s  o f  So lar  Mesosphere Exp lo re r  (WE) data, t he  o n l y  mesosphere data  c u r r e n t l y  a v a i l a b l e ,  
continues. The Dynamics Exp lo re r  spacec ra f t  cont inues t o  c o l l e c t  va luab le  data  on magnetosphere- 
ionosphere coup l i ng  processes. I n  a d d i t i o n ,  t he  I n t e r n a t i o n a l  Sun E a r t h  Exp lorer  (lSEE-3) spacecra f t ,  
renamed I n t e r n a t i o n a l  Cometary Exp lo re r  (ICE) , has completed an e x p l o r a t i o n  o f  t he  E a r t h ' s  geomagnetic 
t a i l .  On September 11, 1985, ICE accomplished the  f i r s t  encounter w i th  a comet as i t  passed through 
the  t a i l  of Giacobin i- Zinner.  ICE w i l l  a l s o  p rov ide  suppor t i ng  s o l a r  wind measurements f o r  t he  March 
1986 H a l l e y  missions. I n  March-May 19116, the  Po la r  Region and Outer Magnetosphere I n t e r n a t i o n a l  Study 
(PROMIS) w i l l  coord inate  s i x  s a t e l l i t e s  (ISEE 1 and 2 , ICE, A c t i v e  Magnetospheric P a r t i c l e  Exp lo re r  
(AMPTE) , I n t e r p l a n e t a r y  M o n i t o r i n g  P l a t f o r m  (IMP-11) , Dynamics Exp lo re r  (DE-1) and the Swedish V i k i n g  
s a t e l l i t e  t o  p rov ide  unique data  on magnetospheric processes. 

S h u t t l e  payload and r e f l i g h t  a c t i v i t i e s ,  a long wi th f l i g h t  o f  o p p o r t u n i t y  ins t rument  development 
e f f o r t s  p rov ide  the  spaceborne data  necessary t o  conduct bas ic  research p r o j e c t s  as w e l l  as p rov ide  

RD 7-4 



c a l i b r a t i o n ,  c o r r e l a t i v e ,  and developmental  f e a s i b i l i t y  i n fo rma t ion  f o r  major f r e e- f l y i n g  
s p a c e c r a f t .  I n s t rumen t  ac t iv i t ies  i n c l u d e  S h u t t l e  payloads  such as Atmosphere Trace Molecules  
Observed by Spec t roscopy (ATMOS), Active Cavi ty  Radiometer (ACR) , Ligh t  D e t e c t i o n  and Ranging (LIDAR) , 
and Space Plasma P h y s i c s  f l i g h t  o f  o p p o r t u n i t y  i n s t r u m e n t s  such as  t h o s e  f o r  t h e  J apanese  G e o t a i l  
S p a c e c r a f t  and t h e  European S o l a r  H e l i o s p h e r i c  Observer (SOHO) s p a c e c r a f t .  

Along wi th  t h e  S o l i d  E a r t h  Obse rva t ions  program, t h e  Environmental  Obse rva t ions  a c t i v i t i e s  compose 
an i n t e g r a l  p a r t  of NASA's t o t a l .  Ea r th  s c i e n c e s  and a p p l i c a t i o n s  e f f o r t s ,  wi th  emphasis on 
unde r s t and ing  t h e  E a r t h  as a p l a n e t ,  s t u d y i n g  its dynamics, p r o c e s s e s ,  h a b i t a b i l i t y ,  and solar- 
t e r res t r i a l  environment.  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

UPPER ATMOSPHERE RESEARCH AND ANALYSIS 

1986 1987 
1985 Budqet Current  Buaget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  

Upper atmospheric research............ 18,700 19,900 19,900 20,100 
S t ra tosphe r i c  processes.........,..... 6,4W 6,800 6 , 8011 6,9011 
Tropospher ic chemistry................ 5,900 6,300 6,300 6,400 

Total............................... 31,000 33, bC)U 33, club 33,4UG 

OBJECTIVES AND STATUS 

The upper atmosphere research program i s  a comprehensive research and technology e f f o r t  designed t o  
i n v e s t i g a t e  and moni tor  the  phenomena o f  t he  upper atmosphere and r e l a t e d  phenomena i n  the lower 
atmosphere. I t  i s  aimed a t  improving our bas ic  s c i e n t i f i c  understanding o f  the g l o b a l  atmosphere and 
the  methods needed t o  assess i t s  s u s c e p t i b i l i t y  t o  s i g n i f i c a n t  chemical and p h y s i c a l  change. The 
program's th ree  major t h r u s t s  are i n  the areas o f  upper atmospheric research, s t r a t o s p h e r i c  processes 
research, and t ropospher ic  chemistry research. 

I n  p a r t i c u l a r ,  the goa l  o f  the upper atmosphere research program i s  t o  understand the physics,  
chemistry and t r a n s p o r t  processes i n  the  s t ra tosphere  on a g l o b a l  scale,  and t o  assess as accura te ly  
as poss ib l e  the pe r t u rba t i ons  t o  the atmosphere caused by man's a c t i v i t i e s .  I n  orcler t o  accomplish 
t h i s ,  e f f o r t s  are underway to:  (1) improve upper atmosphere and g l o b a l  troposphere models, v a l i d a t e  
them, and assess t h e i r  unce r ta i n t i es ;  (2 )  measure impor tan t  t r a c e  chemical  cons t i tuen ts ,  temperature, 
and r a d i a t i o n  f i e l d s  throughout the  atmosphere; ( 3 )  develop sensors capable o f  making chemical and 
p h y s i c a l  measurements o f  the upper atmosphere and the g l o b a l  t roposphere both d i r e c t l y  and remotely 
from space; (4)  assemble and ma in ta i n  the e x i s t i n g  long- term data base o f  s t r a t o s p h e r i c  and 
t ropospher i c  ozone measurements t o  a i d  i n  the d e t e c t i o n  o f  long-t imescale n a t u r a l  v a r i a t i o n s  and man- 
made ozone changes; ( 5 )  determine the e f f e c t s  o f  g l o b a l  t ropospher i c  chemistry on the atmosphere; ( 6 )  
conduct t h e o r e t i c a l  and f i e l d  s tud ies  o f  t ropospher ic /s t ra tospher ic  exchange; and ( 7 )  ca r r y  out  
l abo ra to r y  k i n e t i c s  and spectroscopy i n v e s t i g a t i o n s  t o  support  these a c t i v i t i e s .  
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A v a r i e t y  o f  -- i n  s i t u  and remote sensing techniques are  needed t o  meet the  o b j e c t i v e s  o f  determin ing 
and understanding t h e  d i s t r i b u t i o n  o f  ozone and o the r  t r a c e  species i n  the  atmosphere. Data s e t s  from 
a l i m i t e d  number o f  s a t e l l i t e s  a re  now g e n e r a l l y  a v a i l a b l e  t o  the  s c i e n t i f i c  community, i n c l u d i n g  a 
reco rd  o f  t h e  g l o b a l  d i s t r i b u t i o n  o f  ozone ex tend ing back over a decade, and simultaneous observat ions  
of a number o f  t r a c e  cons t i t uen ts .  This da ta  i s  be ing  e x p l o i t e d  t o  determine i f  t rends  i n  the  ozone 
amount has been detec ted and t o  understand those processes which a re  d i r e c t l y  i n v o l v e d  with these 
trends. 

Al though t h e r e  i s  no change i n  t o t a l ,  i n  FY 1966, $1.4 m i l l i o n  w i l l  be a p p l i e d  from b e n e f i t t i n g  
research areas t o  m o d i f i c a t i o n s  on t h e  G a l i l e o  replacement a i r c r a f t .  

BASIS OF FY 1987 ESTIMATE 

Recent developments i n  our understanding o f  t he  ozone l a y e r  have revea led a p o s s i b l e  non- l inear  
dependence o f  ozone d e p l e t i o n  on t h e  amount o f  f luorocarbon re leased  t o  t h e  atmosphere. These 
f i n d i n g s  p lace  increased urgency on the  need t o  v e r i f y  the  completeness and accuracy o f  t h e  
t h e o r e t i c a l  s t r a t o s p h e r i c  models. I n  FY 1987, t e s t s  o f  the  models w i l l  be cont inued by means o f  f i e l d  
measurements, model c a l c u l a t i o n s ,  and i n t e r p r e t a t i o n  o f  s a t e l l i t e  data. The development o f  more 
r e a l i s t i c  two- and three- dimensional  models w i l l  be continued. The g l o b a l  da ta  s e t s  from p a s t  and 
present  s a t e l l i t e s  w i l l  be f u r t h e r  analyzed i n  FY 1Y&7 t o  a i d  i n  the  understanding o f  la rge- sca le  
atmospheric processes. 

The comparison o f  ba l loon,  a i r c r a f t ,  and ground-based measurements w i l l  be cont inued i n  FY 1967 t o  
ensure t h e  v a l i d i t y  o f  t he  d i f f e r e n t  techniques t h a t  have been developed and t o  observe chemical  
species i n  the s t ra tosphere  and t roposphere t o  determine the  exchange o f  gases between the  lower and 
upper atmosphere. These b a l l o o n  and a i r c r a f t  measurement programs are  t h e  on ly  way t o  measure many of 
t he  l o c a l i z e d  phenomena of the  atmosphere; they a l so  h e l p  t o  v a l i d a t e  s a t e l l i t e  observat ions.  Stud ies  
o f  p o t e n t i a l  new ins t ruments  for use on f u t u r e  s a t e l l i t e s  and s u b o r b i t a l  measurement p l a t f o r m s  w i l l  
a l s o  be conducted i n  FY 1987 t o  ensure t h a t  new techno log ies  a re  put t o  use i n  improv ing the  
c a p a b i l i t y  and cos t  e f f i c i e n c y  o f  t ropospher i c  composi t ion and upper atmosphere measurements. 
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MSfS OF FY 1987 FUNDING REQUIREMENT 

ATMOSPHERIC DYNAMICS AND R A D I A T I O N  RESEARCH AND ANALYSIS 

Globa l- sca le  a tmospher ic  p roces se s  
r e s e a r c h  and a n a l y s i s .  .............. 

Mesoscale a tmospher ic  p roces se s  r e sea rch  
and a n a l y s i s .  ....................... 

Climate  r e sea rch  and a n a l y s i s  ......... 
Total............................... 

1986 
1985 Budget C u r r e n t  

Actual  Est imate  Es t imate  
(Thousands of D o l l a r s )  

13,400 14,  Ebb 14,200 

7,600 8 ,  OOU 8,OUO 
7,500 8,100 ti, 100 

28,501, 30,30u 3u, 30u 

1987 
Budget 

Es t imate  

14,40U 

8 ,2W 
8,300 

3U,90b -- 
OBJECTIVES AND STATUS 

The r e s e a r c h  and a n a l y s i s  a c t i v i t i e s  w i t h i n  t h e  Atmospheric Dynamics and Radia t ion  program comprise 
a core  e f f o r t  which  is fundamental  t o  using space  technology t o  s o l v e  problems i n  a tmospher ic  
s c i ence .  The program’s t h r e e  main t h r u s t s  a r e  i n  t h e  a r e a s  of g loba l- sca l e  t r o p o s p h e r i c  p roces se s  
r e sea rch ,  mesoscale p roces se s  r e sea rch  and c l i m a t e  r e sea rch .  

The o b j e c t i v e s  of the  g l o b a l  s c a l e  r e s e a r c h  program a r e  t o  improve our  unders tand ing  of l a r g e- s c a l e  
a tmospher ic  behavior  and t o  develop improved c a p a b i l i t y  t o  observe t h e  atmosphere from space.  The 
program invo lves  the  development of advanced remote s e n s i n g  i n s t r u m e n t a t i o n  t o  observe the  atmosphere,  
t he  development of advanced a n a l y s i s  t echniques  t o  b e t t e r  u t i l i z e  e x i s t i n g  me teo ro log i ca l  s a t e l l i t e  
d a t a ,  and development of advanced numerical  models which use s a t e l l i t e  obse rva t i ons  t o  d e s c r i b e  t h e  
s t a t e  of t h e  atmosphere both d i a g n o s t i c a l l y  and p r e d i c t i v e l y .  Recent accomplishments i nc lude  t h e  
development of t echniques  which more f u l l y  u t i l i z e  pas s ive  m u l t i s p e c t r a l  d a t a  (IR and microwave) from 
t h e  NOAA o p e r a t i o n a l  s a t e l l i t e s  t o  p rov ide  g l o b a l  maps of a number of key a tmospher ic  and s u r f a c e  
parameters .  In a d d i t i o n ,  s p e c i a l  a t t e n t i o n  has been devoted t o  developing a c t i v e  l i d a r  t e chn iques  t o  
p rov ide  d e t a i l e d  p r o f i l e s  of a tmospher ic  t empera ture ,  p r e s s u r e ,  and mois ture  d a t a  from f u t u r e  
spaceborne p la t forms .  S imula t ions  of t h e s e  advanced techniques  i n d i c a t e  t h e i r  i nc r ea sed  p o t e n t i a l  i n  
g r e a t l y  improving meteoro log ica l  p r e d i c t i o n  c a p a b i l i t y .  
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The o b j e c t i v e s  o f  the  mesoscale processes research program are  t o  improve our understanding o f  t he  
behavior  o f  t he  atmosphere on s h o r t  (minutes t o  hours) t ime  sca les  and over l o c a l  t o  r e g i o n a l  s i z e  
sca les  (severe weather, such as tornadoes and hur r icanes) .  Since the  c h a r a c t e r i s t i c  parameters o f  
these mesoscale processes cannot be measured d i r e c t l y ,  new techniques a re  under study t o  d e r i v e  t h e  
i n f o r m a t i o n  from other  observat ions  which can be d i r e c t l y  measured. Such an a c t i v i t y  r e q u i r e s  
advanced data  hand l ing  and a n a l y s i s  techniques which r e l y  upon man-computer i n t e r a c t i v e  d i s p l a y  and 
manipulat ion.  A j o i n t  NASA-NUAA p r o j e c t  of t h i s  type was completed and i s  known as t h e  Cen t ra l i zed  
Storm I n f o r m a t i o n  System. I n  the  area o f  remote sensor development, success fu l  f l i g h t s  o f  
i n s t r u m e n t a t i o n  on the  ER-2 a i r c r a f t  t o  observe c loud  top  aynamics have been completed, and a 
f e a s i b i l i t y  s tudy o f  a p o t e n t i a l  l i g h t n i n g  mapper has been completed. NASA i s  c u r r e n t l y  work ing with 
NOAA t o  determine the  p r a c t i c a l  va lue o f  l i g h t n i n g  mapping from geosta t ionary  o r b i t  and the  
p o s s i b i l i t y  o f  i n c o r p o r a t i n g  exper imenta l  l i g h t n i n g  mapping observat ions  on the  GOES-Next spacecra f t .  

The Cl imate  Research Program seeks t o  develop a space c a p a b i l i t y  f o r  g l o b a l  observat ions  o f  c l i m a t e  
parameters which w i l l  c o n t r i b u t e  t o  our understanding of t h e  processes t h a t  i n f l u e n c e  c l i m a t e  and i t s  
p r e d i c t a b i l i t y .  Research i s  focused i n  accordance w i th  the  N a t i o n a l  Cl imate Program p r i o r i t i e s  
wherein NASA has t h e  r o l e  of l e a d  agency f o r  s o l a r  and E a r t h  r a d i a t i o n  research. Fu tu re  study thrusts 
w i l l  be a l i g n e d  wi th programs o f  s o l a r  i r r a d i a n c e  moni tor ing ,  E a r t h  r a d i a t i o n  budget mon i to r ing  and 
ana lys is ,  t h e  g l o b a l  d i s t r i b u t i o n  and e f f e c t  o f  c loud  systems and s t r a t o s p h e r i c  aeroso ls  on t h e  
r a d i a t i o n  budget, and on se lec ted  process s t u d i e s  which r e l a t e  t o  mon i to r ing  o f  c l i m a t e  change. The 
past  y e a r ' s  a c t i v i t i e s  have s t ressed  data  a n a l y s i s  and model s t u d i e s  o f  the  e f f e c t s  o f  t he  E l  Chichon 
volcano on c l imate .  The f i r s t  r e s u l t s  o f  t h e  data  phase o f  t h e  I n t e r n a t i o n a l  S a t e l l i t e  Cloud 
Cl imato logy P r o j e c t  (ISCCP) have been s u c c e s s f u l l y  a rch ived  and d e t a i l e d  p lann ing  f o r  the  F i r s t  ISCCP 
Regional  Experiment (FIRE) has been completed through a n a t i o n a l  p r o j e c t  o f f i c e  l o c a t e d  within NASA. 
Data from ISCCP and FIRE w i l l  be analyzed i n  con junc t ion  with t h e  E a r t h  Rad ia t i on  Budget Experiment 
(ERBE) data  t o  improve our knowledge o f  c l o u d- r a d i a t i o n  i n t e r a c t i o n s  which a f f e c t  our c l imate .  I n  
add i t i on ,  measurements o f  t he  s o l a r  i r r a d i a n c e  w i l l  cont inue through the r e p a i r e d  So lar  Maximum 
M i s s i o n  (SMM) spacecraf t ,  Nimbus 7 and r e f l i g h t s  o f  the  A c t i v e  Cav i t y  Radiometer f l own  on Spacelab-1. 

CHANGES FROM FY 1986 BU)GET ESTIMATE 

Al though t h e r e  i s  no change i n  t o t a l ,  i n  FY 1986 $1.4 m i l l i o n  w i l l  be a p p l i e d  from b e n e f i t t i n g  
research areas t o  m o d i f i c a t i o n s  on t h e  G a l i l e o  replacement a i r c r a f t .  
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W I S  OF FY 1987 ESTIMATE 

FY 1987 funding  is r e q u i r e d  t o  conduct  a i r c r a f t  f l i g h t s  t o  s t u d y  t h e  d e t a i l  o f  f lows around 
thunders torms  and fronts,  c o n t i n u e  comparison of models, s t udy  a tmospher ic  scale i n t e r a c t i o n s ,  and 
develop  t echn iques  t o  d i s p l a y  model o u t p u t s  i n  3-dimensions. I n  FY 1987 three major i n t e r agency  f i e l d  
exper iments  w i l l  s i g n i f i c a n t l y  improve our  unde r s t and ing  o f  t h e  atmosphere f o r  a i r / ocean  i n t e r a c t i o n  
which g e n e r a t e  c r i p p l i n g  New England snowstorms (GALE), t h e  phys i c s  o f  small s t r o n g  downdraf t s  c a l l e d  
m i c r o b u r s t s  which are on t h e  scale of t o rnadoes  (MIST), and t h e  mechanism o f  r e g i o n a l  p r e c i p i t a t i o n  
q u a n t i f i c a t i o n  (SPACE) through space ,  a i r c r a f t  , r a d a r  b a l l o o n ,  and surface- based obse rva t ions .  Other  
ac t iv i t i e s  w i l l  i nvo lve  cont inued  retr ieval  and a r c h i v i n g  of  g l o b a l  I n t e r n a t i o n a l  S a t e l l i t e  Cloud 
Climatology P r o j e c t  d a t a  sets ,  a n a l y s i s  o f  d a t a  from t h e  E a r t h  Rad ia t ion  dudget  Experiment and t h e  
S t r a t o s p h e r i c  Aerosol  and Gas Experiment ,  and con t inued  ground-based and rocke t  f l i g h t  s u p p o r t  f o r  
s o l a r  i r r a d i a n c e  monitor ing.  Technology development o f  active t empera tu re ,  p r e s s u r e ,  and moi s tu re  
sounders  as well as b a s i c  l i d a r  technology development w i l l  a l s o  be  con t inued  i n  FY 1987. 
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BASIS OF FY 1987 FUNDING REPUIRMENT 

OCEANIC PROCESSES RESEARCH AND ANALYSIS 

1986 1987 
1985 Budget Cur ren t  Budget 

A c t u a l  Est imate E s t  ima t  e Est imate  
(Thousands o f  Dollars) 

Research and analysis........... ...... 19,400 20,600 20,600 20,8OO 

OBJECTIVES AND STATUS 

The Oceanic Processes Research and Ana lys i s  (R&A) program emphasizes the  development and a p p l i c a t i o n  
o f  spaceborne observ ing techniques t o  advance our understanding o f  t h e  fundamental behav ior  o f  t h e  
oceans, as w e l l  as t o  a s s i s t  users wi th the  implementat ion o f  o p e r a t i o n a l  systems. As such, t h e  
program operates i n  concer t  w i th  a v a r i e t y  o f  f e d e r a l  agencies (e.g., Navy, NOAA, NSF) and f o r e i g n  
c o u n t r i e s  (e.g., Canada, Europe, Japan). 

The Oceanic Processes R&A program i s  organized i n t o  th ree  d i s c i p l i n e  areas: (1) phys ica l ,  ( 2 )  
b i o l o g i c a l ,  and (3)  p o l a r  oceanography. The spaceborne observa t iona l  technique o f  pr ime importance, 
and i t s  corresponding s c i e n t i f i c  use f o r  each area a re  as fo l lows.  I n  p h y s i c a l  oceanography, 
s a t e l l i t e  scat terometers  and a l t i m e t e r s  are  used t o  observe su r face  roughness and topography, from 
which su r face  winds and ocean c u r r e n t  response can be est imated. I n  b i o l o g i c a l  oceanography, c o l o r  
scanners are  used t o  observe c h l o r o p h y l l  concent ra t ion ,  from which pr imary  p r o d u c t i v i t y  can be 
est imated. I n  p o l a r  oceanography, microwave radiometers and s y n t h e t i c  aper tu re  radars  a r e  used t o  
es t imate  t h e  c h a r a c t e r i s t i c s  o f  sea- ice cover and t h e  d e t a i l s  o f  i t s  motion. 

The Oceanic Process R&A program i s  a c t i v e l y  pu rsu ing  s c i e n t i f i c  research with o t h e r  f e d e r a l  agencies 
and f o r e i g n  c o u n t r i e s  f o r  t he  World C l imate  Research Program (WCRP). Component WCRP e f f o r t s  i n c l u d e  
the  T r o p i c a l  Ocean/Global Atmosphere (TOGA) and World Ocean C i r c u l a t i o n  Experiments (WOCE) , a G loba l  
F l u x  Experiment (GFE), and a Program f o r  I n t e r n a t i o n a l  Po la r  Oceans Research (PIPOR)  

CHANGES FROM FY 1986 BUDGET ESTIMATE 

I n  FY 1Y86 rb.3 m i l l i o n  w i l l  be r e a l l o c a t e d  from b e n e f i t t i n g  research areas t o  m o d i f i c t i o n s  on the  
G a l i l e o  replacement a i r c r a f t .  
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BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, t h e  p h y s i c a l  oceanography r e s e a r c h  a c t i v i t i e s  w i l l  i n c l u d e  implementat ion p lanning  f o r  
WOCE and TOGA, as well as  t h e  development o f  numerical  models and a s s o c i a t e d  d a t a  a s s i m i l a t i o n  
t echn iques  f o r  use i n  de te rmining  t h e  g e n e r a l  c i r c u l a t i o n  o f  t h e  oceans. I n  b i o l o g i c a l  oceanography, 
t h e  a n a l y s i s  of d a t a  from Nimbus-7 w i l l  be con t inued  i n  o r d e r  t o  estimate g l o b a l  ocean p r o d u c t i v i t y ,  
as well as t o  h e l p  wi th  t h e  concep tua l  des ign  o f  t h e  Global  F lux  Experiment. I n  a d d i t i o n ,  
accommodation s t u d i e s  f o r  p o t e n t i a l  f l i g h t  of an Ocean Color  Imager f o r  t h e  NOAA-K s p a c e c r a f t  w i l l  be 
performed. I n  p o l a r  oceanography, emphasis w i l l  be p laced  on t h e  exper imenta l  de s ign  f o r  tne Program 
f o r  I n t e r n a t i o n a l  P o l a r  Oceans Research,  which is planned t o  i nvo lve  d i r e c t  r e c e p t i o n  i n  Alaska of  SAR 
d a t a  from t h e  European Space Agency's ERS-1 and from t h e  Japanese  JERS-1 s p a c e c r a f t  due f o r  launch  i n  
t h e  1989 - 1991 time frame. With t h e  t r a n s i t i o n  o f  t h e  P i l o t  Ocean Data System from a t e c h n i c a l  
demonst ra t ion  t o  a s c i e n t i f i c  s u p p o r t  f a c i l i t y  completed i n  FY 1986, c o o r d i n a t i o n  ac t iv i t i e s  with t h e  
Office o f  Naval Research,  NSF, and NOAA w i l l  be pursued i n  o rde r  t o  assure t h a t  a p p r o p r i a t e  computing 
f a c i l i t i e s  and d a t a  a r c h i v e s  w i l l  be a v a i l a b l e  f o r  t h e  u t i l i z a t i o n  o f  spaceborne o b s e r v a t i o n s  from 
ocean- research  mi s s ions  planned w i t h i n  t h e  nex t  decade. 

Advanced technology development ac t iv i t i e s  w i l l  a l s o  be con t inued  on p r o s p e c t i v e  f u t u r e  s e n s o r s  f o r  
f l i g h t  aboard both t h e  S h u t t l e  and f r e e- f l y i n g  s p a c e c r a f t .  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

SPACE PHYSICS RESEARCH AND ANALYSIS 

Plasma phys ics  SR&T and data  ana l ys i s  

So la r  t e r r e s t r i a l  theory.............. 
Advanced technology aevelopment ....... 

Total............................... 

OBJECTIVES AND STATUS 

Space phys ics  research and ana l ys i s  i s  

1986 
1985 Budget Current  

Ac tua l  Est imate Est imate 
(Thousands o f  ~Dollars) 

10,600 

3,300 3,500 3,400 

10,500 12,300 
2,9(Jb 2 ,  GOO 3,800 

16,700 17,tlUO 17,800 

1987 
Budget 

Est imate 

12,300 
2,lOU 
3,600 

IU, UOlJ 

a b road ly  s t r u c t u r e d  e f f o r t  t o  enhance our understanding o f  
the  c h a r a c t e r i s t i c s  and behavior  o f  plasmas i n  t he  s o l a r  corona, the  i n t e r p l a n e t a r y  medium and i n  t h e  
v i c i n i t y  o f  the  Ear th  and other  p lanets .  These s tud ies  inc lude:  the  complex coup l ing  o f  the  
atmosphere with t he  ionosphere and t he  magnetosphere; t h e  s o l a r  wind and how i t  i n t e r a c t s  w i t h  
p lane ta ry  magnetospheres and ionospheres; and how v a r i a t i o n s  i n  the s o l a r  wind are coupled i n t o  the  
near p l ane ta r y  environment and n e u t r a l  atmosphere. Th is  d i s c i p l i n e  a l s o  inc ludes  the  conduct o f  
a c t i v e  experiments t o  e x t r a c t  i n f o r m a t i o n  under c o n t r o l l e d  cond i t i ons ,  and the  use o f  space as a 
l abo ra to r y  f o r  the  study o f  plasmas i n  parameter regimes t h a t  are una t t a i nab le  on the  Earth.  The 
understanding o f  the plasmas i n  the s o l a r  system, the  on ly  n a t u r a l l y  occu r r i ng  plasmas t o  which we 
have d i r e c t  access, w i l l  a l so  enable us t o  r e f i n e  t heo r i es  regard ing  as t r ophys i ca l  plasma processes. 

The major t h r u s t  o f  the space phys ics  program i s  d i r e c t e d  a t  s t ud ies  o f  the  near Ea r t h  environment, 
from the  f low of the so la r  wind pas t  t he  magnetosphere, t o  man i f es ta t i ons  o f  v a r i a t i o n s  o f  the  plasma 
environment de tec tab le  near the surface o f  the  Earth. Not on ly  are  these s tud ies  o f  g rea t  i n t e r e s t  t o  
the  Ea r t h  sciences community, b u t  a l s o  the re  are o ther  p r a c t i c a l  components concerned with these 
aspects, such as ionospher ic  i n f l uences  on communication, g l o b a l  c i r c u l a t i o n  o f  the  atmosphere d r i v e n  
by magnetospheric inpu t ,  t he  charg ing o f  spacecraf t  immersed i n  plasma, and t he  behavior  o f  antennas 
and t h e i r  s i g n a l s  i n  the magnetosphere. 
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This f i e l d  o f  research i s  one o f  r e l a t i v e  m a t u r i t y ,  w i th  emphasis on m u l t i p o i n t ,  s i t u  
measurements and on a c t i v e  p e r t u r b a t i o n  experiments r a t h e r  than i s o l a t e d  e x p l o r a t o r y  observat ions.  
For example, t h e r e  are  p r e s e n t l y  f o u r  spacecra f t  systems--the I n t e r p l a n e t a r y  M o n i t o r i n g  P la t fo rm,  t h e  
I n t e r n a t i o n a l  Sun-Earth Exp lo re r  (ISEE), Dynamics Exp lorer ,  and the  A c t i v e  P a r t i c l e  Tracer Exp lo re rs  
(AMPTE) t a k i n g  such measurements. PMPTE has c a r r i e d  out  a program o f  coord inated chemical re leases 
and plasma d i a g n o s t i c s  t o  i n v e s t i g a t e  s o l a r  wind plasma e n t r y  i n t o  t h e  magnetosphere and e n e r g i z a t i o n  
as the  plasma f lows towards t h e  atmosphere. The campaign c a l l e d  PROMIS (Po lar  Region and Outer 
Magnetosphere I n t e r n a t i o n a l  Study) w i l l  take f u l l  advantage o f  these s a t e l l i t e  systems d u r i n g  March- 
May 1986 when the  Swedish V i k i n g  s a t e l l i t e  c o n t r i b u t e s  toward a unique o p p o r t u n i t y  f o r  c o r r e l a t i v e  
measurements o f  t he  E a r t h ' s  magnetosphere on a l a r g e  scale. There i s  an a c t i v e  program o f  sounding 
r o c k e t  and b a l l o o n  i n v e s t i g a t i o n s  aimed p r i n c i p a l l y  a t  s p a t i a l l y  or  tempora l ly  i s o l a t e d  atmospheric, 
ionospher ic  or  magnetospheric phenomena. A c t i v e  t h e o r e t i c a l ,  modeling and suppor t i ng  l a b o r a t o r y  
a c t i v i t i e s  are  a l s o  be ing conducted. 

The s o l a r  t e r r e s t r i a l  t heo ry  a c t i v i t y  cont inues t o  p rov ide  a s t r o n g  b a s i s  f o r  a l l  o f  t h e  programs i n  
bo th  s o l a r  phys ics  and space plasma physics. T h e o r e t i c a l  groups are  engaged i n  research on v i r t u a l l y  
every aspect  o f  t he  s o l a r  t e r r e s t r i a l  problem by us ing  b o t h  fundamental process c a l c u l a t i o n s  and 
numer ica l  models o f  l a r g e  sca le  phenomena. 

CHANGES FRM FY 1986 BUDGET ESTIMATE 

I n  t o t a l ,  t he  FY 1986 c u r r e n t  es t imate  remains the  same as the  budget est imate.  However, within the  
program, $1.8 m i l l i o n  has been t r a n s f e r r e d  t o  ATD a c t i v i t i e s  t o  enhance S o l a r - t e r r e s t r i a l  i ns t rumen t  
development. 

BASIS OF FY 1987 ESTIMATE 

Dur ing  FY 1987, the  space phys ics  research and a n a l y s i s  a c t i v i t i e s  w i l l  be cont inued wi th  p a r t i c u l a r  
emphasis on the  a n a l y s i s  o f  da ta  .obta ined from t h e  1986 PROMIS campaign and from t h e  I n t e r n a t i o n a l  
Cometary Exp lo re r  (ICE) which c o l l e c t e d  unique data  i n  the  e a r t h ' s  d i s t a n t  magne to ta i l  be fo re  going on 
t o  an encounter w i th  t h e  comet Giacob in i- Z inner  i n  September 1985. D e f i n i t i o n  s t u d i e s  w i l l  be 
cont inued d u r i n g  FY 1987 on such miss ions as the  p o t e n t i a l  coopera t ive  s o l a r  t e r r e s t r i a l  research wi th  
t h e  Japanese and Europeans, fo l low- on miss ions f o r  t h e  U.S.-Italian Tethered S a t e l l i t e  System, and on 
the  chemical  re lease i n v e s t i g a t i o n s  i n  support  t o  the  Combined Chemical Release and R a d i a t i o n  E f f e c t s  
S a t e l l i t e  (CRRES) which i s  be ing developed by t h e  Department o f  Defense. 

The s o l a r  t e r r e s t r i a l  theory  program w i l l  be cont inued d u r i n g  FY 1987. I n  a d d i t i o n ,  a comprehensive 
and q u a n t i t a t i v e  aggregate model o f  s o l a r - t e r r e s t r i a l  i n t e r a c t i o n  w i l l  cont inue t o  be developed. 
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BASIS OF FY -- 1967 FUNDING REQUIREMENT 

PAYLOAD AND INSTRUMENT DEVELOPMENT (ENVIRONMENTAL OBSERVATIONS) 

1986 1987 
1985 Budget Cur ren t  Budget 

Ac tua l  Est imate Est imate Est imate 
m d s  o f  Dollars) 

Measurement o f  A i r  P o l l u t i o n  from 

Atmosphere Trace Molecules Observed 
S a t e l l i t e s  (MAPS). .................. 700 500 5bb 8011 

by Spectroscopy (ATMOS).. ........... 2,6011 1, tlU0 1,600 2,40b 
A c t i v e  Cav i t y  Radiometer (ACR, ACRIM)  1, BOO 900 1,100 1,000 

development and r e f l i g h t  program.... 200 800 600 21ru 

development...... .................. (2,900 )* ( 2, GO0 )* (3,600)" 5,OIJb 

L i g h t  De tec t i on  and Ranging (LIDAR). .. 2,500 1,600 1, 800 2,6011 
P r i n c i p a l  i n v e s t i g a t o r  ins t rument  

So la r  t e r r e s t r i a l  ins t rument  

7,800 5,600 5,6110 12,000 Total............................... 

*Non-add p rev ious l y  funded under Space Physics Research and Analysis.  

OBJECTIVES AN) STATUS 

The Space Transpor ta t ion  System o f f e r s  t he  unique oppo r tun i t y  f o r  f requent  sho r t- du ra t i on  f l i g h t s  o f  
instruments. The Environmental  Observat ions program has i nco rpo ra ted  t h i s  c a p a b i l i t y  i n t o  t h e  
Shutt le/Spacelab payload development a c t i v i t i e s  i n  these impor tan t  aspects: e a r l y  t e s t ,  checkout and 
design o f  remote sensing ins t ruments  f o r  l o n g  d u r a t i o n  f r e e - f l y i n g  missions; and shor t- term 
atmospheric and environmental  data ga the r i ng  f o r  bas ic  research and ana l ys i s  where long- term 
observat ions are  imprac t i ca l .  

The Measurement o f  A i r  P o l l u t i o n  from S a t e l l i t e s  (MAPS) experiment i s  a g a s - f i l t e r  c o r r e l a t i o n  
radiometer designed t o  measure the  l e v e l s  o f  t ropospher ic  carbon monoxide and the  e x t e n t  of 
in te rhemispher ic  mass t r a n s p o r t  i n  the  lower atmosphere. The ins t rument  was f lown success fu l l y  on two 
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S h u t t l e  f l i g h t s .  I t  is approved f o r  f o u r  f l i g h t s ,  one f o r  each season  o f  t h e  year t o  p rov ide  t h e  
f i r s t  o b s e r v a t i o n s  of  t h e  g l o b a l  s e a s o n a l  v a r i a t i o n  o f  carbon monoxide i n  t h e  E a r t h ' s  atmosphere. 
R e f l i g h t  o f  MAPS is planned on both SRL-2 ( S h u t t l e  Radar Lab) and EOM 4 (Ea r th  Obse rva t ions  Miss ion) .  

The o b j e c t i v e  of  t h e  Atmosphere Trace Molecules  Observed by Spec t roscopy (ATMOS) experiment  is t o  
make d e t a i l e d  measurements of  gaseous c o n s t i t u e n t s  (e.g., hydrogen c h l o r i d e ,  water, ammonia, methane) 
i n  t h e  E a r t h ' s  atmosphere by us ing  t h e  t echn ique  o f  i n f r a r e d  a b s o r p t i o n  spec t roscopy.  The d a t a  w i l l  
h e l p  de te rmine  t h e  composi t iona l  structure of t h e  upper atmosphere, i n c l u d i n g  t h e  ozone layer  and its 
s p a t i a l  v a r i a b i l i t y  on a g l o b a l  scale. The in s t rumen t  was launched i n  1985 on Spacelab- 3; it w i l l  be 
ref lown on t h e  Ea r th  Observa t ion  Mission (EOM) series s t a r t i n g  i n  1986. The s c i e n c e  r e s u l t s  from t h e  
f i r s t  f l i g h t  of  ATMOS were o f  e x c e p t i o n a l  value, and t h e  b a s i c  c a p a b i l i t y  o f  ATMOS t o  measure very low 
c o n c e n t r a t i o n s  of trace s p e c i e s  i n  t h e  e a r t h ' s  atmosphere was clearly demonstrated. 

I n  response  t o  an Announcement of  Oppor tuni ty ,  a number o f  p r i n c i p a l  i n v e s t i g a t o r  class in s t rumen t s  
were s e l e c t e d  f o r  development. Payloads  c u r r e n t l y  under development i n c l u d e  t h e  Active C a v i t y  
Radiometer- I (ACR-1) which is des igned  t o  a i d  i n  t h e  s t u d y  o f  t h e  E a r t h ' s  climate and t h e  p h y s i c a l  
behavior  o f  t h e  Sun. R e f l i g h t s  of ACR- 1 on f u t u r e  EOM f l i g h t s  are planned. Other  exper iments  have 
a l s o  been s e l e c t e d  f o r  r e f l i g h t ,  i n c l u d i n g  some i n s t r u m e n t s  which were flown on t h e  S h u t t l e  o r b i t a l  
f l i g h t  tests, Space lab  1 and Space lab  2. 

S o l a r - t e r r e s t r i a l  i n s t rumen t  development a c t i v i t i e s  w i l l  p rov ide  s t a t e- o f- t h e- a r t  i n s t r u m e n t a t i o n  
f o r  f l i g h t  o p p o r t u n i t i e s  on i n t e r n a t i o n a l  s p a c e c r a f t  and v a r i o u s  U.S. s p a c e c r a f t  o f  o p p o r t u n i t y  
i n c l u d i n g  those  o f  o t h e r  U.S. a g e n c i e s  and t h e  Space S h u t t l e .  The emphasis is  on developing  
s c i e n t i f i c  i n s t r u m e n t s  t h a t  have been conceived through t h e  Space Plasma and S o l a r  Phys i c s  Research 
and Ana lys i s  programs and through t h e  Sounding Rocket program. The development and s e l e c t i o n  o f  
o p p o r t u n i t i e s  w i l l  be coo rd ina t ed  and focused t o  answer q u e s t i o n s  i d e n t i f i e d  i n  t h e  N a t i o n a l  Academy 
o f  Sc i ences  Committee on S o l a r  and Space Phys i c s  r e p o r t  on P r i o r i t i e s  i n  Solar-System Space Phys ics .  
Most o f  t h e  i n s t rumen t s  developed through t h i s  program w i l l  p rov ide  a U.S. c o n t r i b u t i o n  t o  an 
i n t e r n a t i o n a l  t h r u s t  i n  S o l a r - T e r r e s t r i a l  r e s e a r c h  i n  t h e  1989-1995 timeframe. 

D i s c u s s i o n s  are con t inu ing  wi th  o t h e r  U.S. agencies- - the USAF Air Weather S e r v i c e ,  t h e  DOD Space 
Test Program (STP) and NOAA--about j o i n t  mi s s ions  t o  c h a r a c t e r i z e  s o l a r  a c t i v i t y ,  t h e  s o l a r  wind and 
t h e  r e a c t i o n  o f  t h e  e a r t h ' s  environment as sou rce  measurements. 
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CHANGES TO FY 19&6 BU)GET ESTIMATE 

The FY 1986 c u r r e n t  estimate remains unchanged from t h e  budget  estimate i n  t o t a l ;  however there has  
been some t r a n s f e r  o f  funds  w i th in  t h e  Shu t t l e /Space l ab  Payload e lements  t o  a l low f o r  an i n c r e a s e  i n  
t h e  L I D A R  development and t h e  p r o v i s i o n  o f  funding f o r  ACR r e f l i g h t .  

I BASIS OF FY 1987 ESTIMATE 

FY 1 9 ~ 7  funds  w i l l  be used  t o  s u p p o r t  t h e  Measurement of  Air P o l l u t i o n  from S a t e l l i t e s  (MAPS) 
s c i e n c e  team act iv i t ies  i n c l u d i n g  d a t a  r e d u c t i o n ,  re furb ishment  f o r  r e f l i g h t  and upgrading o f  t h e  
ground service equipment. 

The i n i t i a l  f l i g h t  o f  t h e  Atmosphere Trace Molecules  Observed by Spec t roscopy (ATMOS) in s t rumen t  was 
completed i n  1985, w i t h  g r e a t e r  t han  expec ted  s c i e n c e  results. The FY 1987 funding  is r e q u i r e d  t o  
s u p p o r t  t h e  r e f l i g h t s  o f  ATMOS which i n c l u d e s  cont inued  s c i e n c e  team ac t iv i t i e s ,  d a t a  p roces s ing  and 
a n a l y s i s ,  post-  and p r e- f l i g h t  c a l i b r a t i o n  and l i m i t e d  re furb ishments .  

FY 1987 funding is a l s o  r e q u i r e d  t o  c o n t i n u e  t h e  Active C a v i t y  Radiometer (ACR) data p roces s ing ,  
s c i e n c e  team ac t iv i t i e s ,  and r e fu rb i shmen t  f o r  r e f l i g h t  on fu ture  S h u t t l e  EOM f l i g h t s ,  and development 
of a free-flyer ve r s ion  of  ACR. The p r i n c i p a l  i n v e s t i g a t o r  i n s t rumen t  development and r e f l i g h t  
program w i l l  be cont inued  wi th  r e s e a r c h  e f f o r t s  concen t r a t ed  on a tmospher ic  chemis t ry ,  s o l a r  i n t e n s i t y  
and v a r i a b i l i t y ,  and upper a tmospher ic  winds. 

Development a c t i v i t i e s  w i l l  c o n t i n u e  on t h e  i n t e r n a t i o n a l  (U .S. and French)  L igh t  De tec t ion  and 
Ranging (LIDAR) i n s t r u m e n t a t i o n  fo l lowing  complet ion o f  concep tua l  d e f i n i t i o n ,  breadboard l a b o r a t o r y  
ac t iv i t i e s ,  and p re l imina ry  des ign  reviews. I n  t h i s  advanced s ta te- of- the- technology program, both 
NASA and t h e  French are supp ly ing  s c i e n c e  knowledge and hardware t o  demonst ra te  first-time d e t a i l  
measurements o f  t h e  atmosphere t o  a id  i n  f o r e c a s t i n g .  

I n  FY 1987, S o l a r  Terrestrial In s t rumen t  Development w i l l  begin wi th  i n c r e a s e d  e f f o r t s  focus ing  on 
cont inued  a c t i v i t i e s  with t h e  J apanese  I n s t i t u t e  f o r  Space and A s t r o n a u t i c a l  S c i e n c e s  (ISAS) f o r  a 
miss ion  t o  e x p l o r e  t h e  e a r th ' s  g e o t a i l .  While ISAS w i l l  p rovide  t h e  G e o t a i l  S p a c e c r a f t  and t h e  
m a j o r i t y  of  t h e  i n s t rumen t s ,  NASA w i l l  p rov ide  i n s t r u m e n t s  r e q u i r i n g  unique c a p a b i l i t i e s  t o  measure 
t h e  h o t ,  low d e n s i t y  plasmas, e n e r g e t i c  plasmas,  low i n t e n s i t y  waves and weak magnet ic  f i e l d s  i n  t h e  
deep magnet ic  t a i l .  I n  a d d i t i o n ,  t h e  European Space Agency (ESA) and NASA w i l l  c o n t i n u e  p l ann ing  a 
j o i n t  s o l a r - t e r r e s t r i a l  research e f f o r t  t o  make d e t a i l e d  measurements o f  s o l a r  v a r i a b i l i t y  and s o l a r  
o s c i l l a t i o n s ,  t h e  o r i g i n  and flow o f  t h e  s o l a r  wind, t h e  i n t e r a c t i o n  of t h e  s o l a r  wind with t h e  
t e r res t r i a l  magnetosphere, and t h e  r e s u l t a n t  space  plasma microprocesses .  ESA w i l l  p rov ide  t h e  SOHU 
and CLUSTER s a t e l l i t e s ,  and t h e  m a j o r i t y  o f  t h e  i n s t rumen t s .  NASA w i l l  p rov ide  i n s t r u m e n t s  f o r  s o l a r  
o s c i l l a t i o n s  and s o l a r  corona measurements and several space  plasma i n s t r u m e n t s  t h a t  are unique i n  
t h e i r  c a p a b i l i t i e s  and performance. 
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BASIS O f  FY 1987 FUNDING REQUIRWENT 

EARTH RADIATION BUDGET EXPERIMENT 

1986 1987 
Budget Cur rent  Budget 1985 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D o l l a r s )  

E a r t h  r a d i a t i o n  budget experiment ..... 8,100 2 ,  uoo 2 ,  lioo --- 
OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t he  E a r t h  Rad ia t i on  Budget Experiment (ERBE) i s  t o  measure the  temporal  and s p a t i a l  
v a r i a t i o n s  i n  t h e  E a r t h ' s  r a d i a t i o n  budget t o  g a i n  bas ic  i n s i g h t  i n t o  t h e  causes f o r  c l i m a t i c  
f l uc tua t ions .  

I n i t i a l  exper imental  E a r t h  r a d i a t i o n  budget ins t ruments  were f l own  on the  Nimbus s a t e l l i t e s .  
Sampling s t u d i e s  based on those experiments have shown t h a t  adequate g l o b a l  coverage r e q u i r e s  a 
m u l t i p l e  s a t e l l i t e  system. These s t u d i e s  a l s o  i n d i c a t e  the  need f o r  improved c a l i b r a t i o n  o f  t h e  
sensors and measurements cover ing  f u l l  seasonal cycles.  I n  o rde r  t o  p rov ide  adequate and meaningful  
coverage, i d e n t i c a l  Ea r th  r a d i a t i o n  budget ins t ruments  have been i n s t a l l e d  on the  NUAA-F and NUAA-G 
s a t e l l i t e s  and on one ded ica ted NASA observatory (ERBS) . The s c i e n t i f i c  o b j e c t i v e s  and measurement 
requirements were developed by a combined NOAA/NASA/university/industry team o f  s c i e n t i s t s  ana 
recommendations o f  t he  N a t i o n a l  Academy o f  Sciences. 

I n  a d d i t i o n  t o  the  ERBE instruments,  t h e  NASA observatory c a r r i e s  the  S t ra tospher i c  Aerosol  and Gas 
Experiment (SAGE 11) which prov ides s t ra tosphere  ae roso l  data. 

The EHBS spacecra f t  was launched by the  Space S h u t t l e  t o  an a l t i t u d e  o f  30U km and then p r o p e l l e d  t o  
t h e  o p e r a t i o n a l  a l t i t u d e  o f  610 k m  by an a u x i l i a r y  on-board p r o p u l s i o n  system i n  October, 1984. The 
o the r  ERBE ins t ruments  a re  be ing f l own  on NOAA-F and NOAA-G; NOAA-F was launched i n  December 1984, and 
NOAA-G i s  planned f o r  launch i n  e a r l y  1986. 

The FY 1986 fund ing i s  r e q u i r e d  t o  support  t he  opera t ion  o f  ERBS and a n a l y s i s  o f  t h e  data  c o l l e c t e d  
by experiments on ERBS, NOAA-F and NOAA-G. A d d i t i o n a l  FY 1986 and subsequent fund ing f o r  ERBE miss ion  
opera t ions  and data  a n a l y s i s  w i l l  be prov ided through the  Environmental  Observations Extended M i s s i o n  
Operat ions budget. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

EXTENDED MISSION OPERATIONS (ENVIRONMENTAL OBSERVATIONS) 

Operat ions f o r  the  extended m iss ion  o f :  
Nimbus 7............................ 

C o r r e l a t i v e  measurement/solar 
backscat ter  u l t r a v i o l e t  ins t rument  

E a r t h  r a d i a t i o n  budget experiment 
extended operations.. .............. 

A c t i v e  magnetospheric p a r t i c l e  t r a c e r  
e x p l o r e r  extended operat ions ....... 

I n t e r n a t i o n a l  sun-earth explorers... 
I n t e r p l a n e t a r y  mon i to r ing  platform.. 
Dynamics exp lo re r  extended opera t ions  
San marc0 extended operations....... 

So la r  mesosphere exp lo re r  (SME) ..... 

Total............................... 

1985 
A c t u a l  

6,200 
1, 000 

2,300 

1,5110 

2, lJ00 
6,700 

800 
9, 000 --- 

29,500 -- 

1986 
Budget Current  

Est imate  Est imate  
(Thousands o f  D m  

6,6011 6,200 
2,300 2, uuo 

1,411LJ 2,20u 

7,lOU 7,2Ub 

3,800 3,600 
6,600 6,600 

600 7LJ0 
8,500 8,500 

100 --- 
37,000 37,0110 

1987 
Budget 

Est imate  

5,LIou 

3,9110 

900 

8,90U 

3,000 
4,600 

700 
6,600 --- 

33,600 

OBJECTIVES AND STATUS 

The o b j e c t i v e s  o f  the extended miss ion operat ions i s  t o  p rov ide  f o r  the  operat ions,  data  processing, 
v a l i d a t i o n  and data a n a l y s i s  o f  miss ions which have completed b a s i c  operat ions funded by approved 
p r o j e c t  support.  

Launched i n  1978, the  Nimbus-7 spacecra f t  cont inues t o  prov ide  s i g n i f i c a n t  q u a n t i t i e s  o f  b o t h  
atmosphere and s o l i d  e a r t h  g l o b a l  da ta  f o r  m u l t i - d i s c i p l i n e  i n v e s t i g a t i o n s  and app l i ca t ions .  These 
i n c l u d e  atmospheric dynamics and chemis t ry  r e s u l t i n g  i n  g l o b a l  ozone measurements t h a t  are  h e l p i n g  t o  
understand the  compl icated heat  exchanges o f  t h e  atmosphere-ocean system, and, f o r  the  f i r s t  t ime, 
g l o b a l  ocean data  and sea i c e ' c o n c e n t r a t i o n  as w e l l  as p r o p e r t i e s  o f  b o t h  p o l a r  caps. NASA s u p p l i e s  
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th i s  unique sea i c e  concen t ra t i on  data  i n  near r e a l- t i m e  t o  the  j o i n t  U.S. Navy-NOAA I c e  Center. The 
ocean color measurements p rov ide  t h e  o n l y  data  on open ocean and c o a s t a l  areas c h l o r o p h y l l  
concent ra t ion ,  which r e l a t e s  t o  abundance of phytoplankton,  t h e  bas ic  element o f  t h e  ocean food 
chain. Cur rent  s t u d i e s  o f  complete ocean bas ins  are  expanding the  understanding o f  g l o b a l  
p r o d u c t i v i t y .  Nimbus-7 opera t ions  and data  r e d u c t i o n / v a l i d a t i o n  a c t i v i t i e s  w i l l  cont inue i n  FY 19&7 
t o  suppor t  t h e  stong demand f o r  data. 

The So lar  Mesosphere Exp lo re r  ( M E ) ,  launched i n  October 1981, i s  p r o v i d i n g  major input t o  our 
o v e r a l l  atmospheric parameter data  base. M E  i s  producing simultaneous measurements needed t o  
understand the  complex chemical processes t a k i n g  p lace  i n  the  mesosphere, i n c l u d i n g  da ta  measurements 
o f  ozone, atomic oxygen, n i t r i c  ox ide and temperature. Data r e s u l t s  i n d i c a t e  g rea te r  short- term 
v a r i a t i o n s  and magnitude than was expected of many o f  the  mesospheric p roper t i es .  A ground t ru th  
program t o  a i d  i n  t h e  v a l i d a t i o n  o f  t h e  M E  data  i s  a l s o  be ing undertaken. WE i s  p r o v i d i n g  e x c e l l e n t  
data  on the  e f f e c t  o f  volcanoes on the E a r t h ' s  atmosphere. 

So la r  t e r r e s t r i a l  research a c t i v i t i e s  r e l y  on da ta  rece ived  from t h e  I n t e r n a t i o n a l  Sun-Earth 
Exp lorers ,  t he  I n t e r p l a n e t a r y  M o n i t o r i n g  P l a t f o r m  ( I M P ) ,  and the  Dynamics Exp lo re rs  which a r e  s t i l l  
opera t iona l .  Recent a n a l y s i s  o f  DE-1 da ta  have shown coup l ing  o f  plasma and mesospheric chemistry.  
IMP cont inues t o  p rov ide  the  o n l y  a v a i l a b l e  source o f  s o l a r  wind i n p u t  measurements t o  t h e  Earth. The 
combined measurements o f  ISEE-1 and -2 i n  the  same e c c e n t r i c  o r b i t  con t inue  t o  p rov ide  impor tan t  data  
t o  s tudy the  s t r u c t u r e  and mot ions o f  t h e  e s s e n t i a l  magnetospheric boundaries, bow shock, 
magnetopause, plasma pause and sheet. ISEE-3 made impor tan t  f i r s t  t ime  measurements o f  s o l a r  wind- 
magnetosphere i n t e r r a c t i o n  i n  t h e  E a r t h ' s  d i s t a n t  g e o t a i l .  The ISEE-3 spacecra f t ,  renamed t h e  
I n t e r n a t i o n a l  Cometary Exp lo re r  (ICE), accomplished a successfu l  encounter w i th  Comet Giacob in i- Z inner  
i n  19&5. I C E  w i l l  a l s o  p rov ide  complementary s o l a r  wind measurements upstream o f  Comet Ha l ley  i n  l a t e  
1985 and e a r l y  1986. 

CHANGES FROM 1986 W G E T  ESTIMATE 

The FY 1986 c u r r e n t  es t imate  remains unchanged from the budget es t imate  i n  t o t a l ,  however 
adjustments have been made within the  extended opera t ions  program t o  b e t t e r  a l i g n  t h e  fund ing w i t h  t h e  
a c t u a l  opera t ing  spacecra f t  requirements and t o  apply $.5 m i l l i o n  t o  m o d i f i c a t i o n s  on the  G a l i l e o  
replacement a i r c r a f t .  
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M I S  OF FY 1987 ESTIMATE 

FY 1987 funding  is r e q u i r e d  t o  s u p p o r t  c o n t i n u i n g  miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  ac t iv i t ies  
for t h e  I n t e r n a t i o n a l  Sun-Earth Exp lo re r s ,  t h e  I n t e r p l a n e t a r y  Moni tor ing  P l a t fo rm and t h e  Dynamics 
Explorers .  Extended o p e r a t i o n s  s u p p o r t  o f  t h e  Active Magnetospheric  Particle Tracer Exp lo re r ,  which 
was launched i n  1984, w i l l  be cont inued  i n  FY 1987. Opera t ion  o f  t h e  Nimbus and WE sa te l l i t e s  and 
p r o c e s s i n g  o f  t h e  c o l l e c t e d  d a t a  w i l l  be  cont inued  as w i l l  ac t iv i t ies  t o  provide  ground t r u t h  f o r  a 
NASA-developed ozone in s t rumen t  t o  be flown on a NOAA m e t e r o l o g i c a l  s a t e l l i t e .  The WE and Nimbus 
s a t e l l i t e s  c o n t i n u e  t o  produce ex t remely  v a l u a b l e  d a t a  on ozone c o n c e n t r a t i o n s  which w i l l  be used t o  
estimate t h e  occu r r ence  o f  natural  and man-made v a r i a t i o n s ,  sea surface t empera tu re s ,  a e r o s o l  
measurements, and ocean p r o d u c t i v i t y .  Correlative ground t r u t h  a c t i v i t i e s  w i l l  a l s o  be con t inued  i n  
FY 1987; t h e s e  -- i n  s i t u  o b s e r v a t i o n s  are needed t o  verify t h e  q u a l i t y  o f  remote o b s e r v a t i o n s  and 
improve our a b i l i t y  t o  i n t e r p r e t  them. 

I n  a d d i t i o n ,  FY 1Yb7 funding  is r e q u i r e d  f o r  t h e  o p e r a t i n g  EHBE in s t rumen t s ,  payloads ,  and d a t a  set  
p r o c e s s i n g  and a n a l y s i s  t h a t  w i l l  occur  as  t h e  t h i r d  set o f  i n s t r u m e n t s  is launched on NOAA-G. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

INTERDISCIPLINARY RESEARCH 

1986 1987 
Budget Cur ren t  Budget 1985 

Actual Estimate Estimate E s t  imat e 
(Thousands o f  

I n t e r d i s c i p l i n a r y  r e s e a r c h  and a n a l y s i s  1,000 1,000 1,000 1,100 

OBJECTIVES AND STATUS 

I n t e r d i s c i p l i n a r y  r e s e a r c h  ac t iv i t i e s  need t o  be  conducted t o  q u a n t i t a t i v e l y  c h a r a c t e r i z e  t h e  
E a r t h ' s  chemica l ,  p h y s i c a l ,  and b i o l o g i c a l  p r o c e s s e s  on t h e  l a n d ,  a long  wi th  t h e  i n t e r a c t i o n s  between 
t h e  l a n d ,  t h e  oceans,  and atmosphere,  which are o f  p a r t i c u l a r  importance i n  a s s e s s i n g  t h e  impact  o f  
t h e s e  phenomena on g l o b a l ,  p h y s i c a l ,  and biogeochemical  processes .  Such r e s e a r c h  is e s s e n t i a l  t o  
i n v e s t i g a t i n g  and a s s e s s i n g  long- term p h y s i c a l ,  chemica l ,  and b i o l o g i c a l  t r e n d s  and changes i n  t h e  
E a r t h ' s  environment.  Inc luded  i n  t h e  program ac t iv i t ies  are j o i n t  e f f o r t s  from a v a r i e t y  o f  
d i s c i p l i n e s ,  i n c l u d i n g  a tmospher ic  s c i e n c e ,  c l ima to logy ,  b i o l o g i c a l  s c i e n c e s ,  geochemis t ry ,  and 
oceanography. 

BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, i n t e r d i s c i p l i n a r y  s t u d i e s  w i l l  be con t inued  with emphasis on i n t e g r a t i n g  d i s c i p l i n e -  
s p e c i f i c  r e s e a r c h  ac t iv i t ies  o f  Oceanic P roces ses ,  Atmospheric Dynamics and Rad ia t ion ,  Upper 
Atmosphere/Troposphere Chemistry,  and Land P roces ses  i n t o  a u n i f i e d  program which w i l l  h e l p  i n c r e a s e  
our  unders tanding  o f  c r i t i c a l  g l o b a l  processes .  Emphasis w i l l  be p l aced  on s p e c i f i c  p i l o t  s t u d i e s  
such  as  t h o s e  unders tanding  t h e  biogeochemical  p r o c e s s e s  c o n t r o l l i n g  t h e  c o n c e n t r a t i o n  o f  a tmospher ic  
methane, c h a r a c t e r i z i n g  changes i n  p r o p e r t i e s  o f  t h e  l and  s u r f a c e  and the i r  effect on climate, and 
unders tanding  t h e  r o l e  o f  t h e  oceans i n  t h e  g l o b a l  carbon cycle. 
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BASIS W FY 1987 FUNDING REQUIREMENT 

TETHERED SATELLITE PAYLOADS 

1986 1907 
1905 Budget Cur rent  Budget 

A c t u a l  Es t imate  E s t  ima t e Est imate  
(Thousands o f  -m 

Tethered s a t e l l i t e  payloads......... .. 3,000 4,500 4,500 1 ,oou 

BBJECTIVES AH) STATUS 

The Tethered S a t e l l i t e  System (TSS) w i l l  p rov ide  a f a c i l i t y  f o r  conduct ing  experiments weighing 50b 
k g  o r  l e s s  from d is tances o f  100 kin above or  below t h e  Space Shut t le .  
sc ience t o  be undertaken such as observat ions  of atmospheric processes o c c u r r i n g  within the  lower 
thermosphere (below 100 km a l t i t u d e ) ,  observat ions  o f  c r u s t a l  geomagnetic phenomena, and d i r e c t  
observa t ion  o f  magnetospheric-ionospheric-atmospheric coup l ing  processes i n  the  125-18b k i l o m e t e r  
region.  I n  add i t i on ,  t h e  s a t e l l i t e ,  coupled t o  t h e  conduct ing t e t h e r ,  can generate l a r g e  ampl i tude 
hydromagnetic waves and electrodynamic waves i n  the l o c a l  space plasma, thus enab l ing  a c t i v e  space 
plasma and magnetospheric phys ics  experiments t o  be performed. 
m iss ion  i s  t o  v e r i f y  the  c o n t r o l l e d  deployment, r e t r i e v a l  and on- s ta t i on  s t a b i l i z a t i o n  o f  t h e  
s a t e l l i t e  te the red  from t h e  o r b i t e r ,  and t o  c a r r y  o u t  s c i e n t i f i c  research us ing  a conduct ing  t e t h e r  
extended 2b km above t h e  o r b i t e r .  NASA i s  p r o v i d i n g  the  s c i e n t i f i c  payloads f o r  the  i n i t i a l  f l i g h t  o f  
t he  TSS. 

The TSS w i l l  a l l ow  unique 

The o b j e c t i v e  o f  t h e  i n i t i a l  TSS 

The TSS i s  an i n t e r n a t i o n a l  cooperat ive  p r o j e c t  wi th the  I t a l i a n  government. The U n i t e d  S ta tes  i s  
developing the  t e t h e r  deployment and r e t r i e v a l  system, i s  respons ib le  f o r  o v e r a l l  p r o j e c t  management 
and system i n t e g r a t i o n ,  f o r  development and i n t e g r a t i o n  o f  t he  instruments,  and f l i g h t  on t h e  Shut t le .  
I t a l y  i s  developing the  s a t e l l i t e  and i s  respons ib le  f o r  development and i n t e g r a t i o n  o f  European 
i n v e s t i g a t i o n s .  
S e l e c t i o n  of i n v e s t i g a t o r s  was completed i n  l a t e  1905 and ins t rumen t  design w i l l  be i n i t i a t e d  i n  e a r l y  
1986. 

An Announcement o f  Oppor tun i ty  f o r  i n v e s t i g a t i o n s  was i ssued  i n  A p r i l  19&4. 
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Some program d e l a y s  are c u r r e n t l y  be ing  encountered  by t h e  I t a l i a n s  i n  t h e  development o f  t h e  
s a t e l l i t e ,  and t h e  launch  schedu le  is be ing  r eeva lua t ed .  

BASIS OF FY 1987 ESTIMATE 

The FY 1987 funding  is r e q u i r e d  f o r  f i n a l  p r e p a r a t i o n s  and d a t a  a n a l y s i s  ac t iv i t i e s  a s s o c i a t e d  with 
t h e  s c i e n t i f i c  i n s t r u m e n t s  on t h e  Tethered  S a t e l l i t e  System. 
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BASIS OF FY 1987 WING REWIREUENT 

SCATTEROMETER 

Scatterometer......................... 

1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
7Thousands o f  D o l l a r s )  

12, OOO 31,700 14, uuu 35,900 

OBJECTIVES AND STATUS 

The purpose o f  the  Navy Remote Ocean Sensing System (N-ROSS) i s  t o  acqu i re  g l o b a l  ocean data  f o r  
o p e r a t i o n a l  and research usage by b o t h  t h e  m i l i t a r y  and c i v i l  sectors.  A Scat terometer sensor i s  
r e q u i r e d  t o  meet the  o b j e c t i v e s  o f  t h i s  mission.  NASA w i l l  p rov ide  t h e  Scat terometer sensor and the  
Department o f  Defense w i l l  p rov ide  t h e  N-ROSS spacecra f t  and launch se rv i ces  for a launch i n  l a t e  
1990. 

The Scat terometer w i l l  p rov ide  accurate, g l o b a l  measurements o f  ocean sur face winds which w i l l  be 
u s e f u l  f o r  bo th  oceanography and meteorology. 
fo r  p r o v i d i n g  wind f i e l d  data, Scat terometer da ta  w i l l  pe rm i t  t he  f i r s t  g l o b a l  s tudy o f  t h e  i n f l u e n c e  
o f  winds on ocean c i r c u l a t i o n ,  p rov ide  data  on t h e  e f f e c t s  o f  t h e  oceans on the  atmosphere, and 
p rov ide  improved marine f o r e c a s t i n g  (winds and waves). 
an ove r lap  of da ta  ga the r ing  with the  World Ocean C i r c u l a t i o n  Experiment and T r o p i c a l  Ocean-Global 
Atmospheres Experiment planned by t h e  i n t e r n a t i o n a l  oceanographic community. 

I n  a d d i t i o n  t o  s a t i s f y i n g  Navy o p e r a t i o n a l  requirements 

F l i g h t  o f  t h e  N-ROSS i n  late-199G w i l l  p rov ide  

The f e a s i b i l i t y  o f  us ing the  Scat terometer technique from space t o  accu ra te l y  measure winds was 
demonstrated by Seasat i n  1976. D e f i n i t i o n  s t u d i e s  conducted by NASA d u r i n g  FY 1983 and e a r l y  FY 1984 
r e s u l t e d  i n  t h e  de te rm ina t ion  t h a t  the  performance requirements as s t a t e d  j o i n t l y  by t h e  research 
community and the Navy cou ld  be s a t i s f i e d  by u t i l i z i n g  system design concepts s i m i l a r  t o  those used on 
the  Seasat Scatterometer. 
wind d i r e c t i o n  de te rm ina t ion  and the  a d d i t i o n  o f  d i g i t a l  f i l t e r i n g  t o  compensate f o r  e a r t h  r o t a t i o n a l  
e f fec ts .  I n  FY 1985, the  design and development a c t i v i t i e s  were i n i t i a t e d ,  n o t  o n l y  on t h e  
Scat terometer ins t rument ,  b u t  a l s o  on the  ground data  processor which w i l l  u t i l i z e  research q u a l i t y  
a lgo r i t hms  t o  process t h e  scat terometer  raw data  i n t o  geophysical  p roducts  f o r  u t i l i z a t i o n  by t h e  

The major improvements i n c l u d e  t h e  a d d i t i o n  o f  two antennas f o r  improved 
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oceanographic  and me teo ro log ica l  r e s e a r c h  communities. An Announcement o f  Oppor tuni ty  (AO) f o r  
s p e c i f i c  r e s e a r c h  i n v e s t i g a t i o n s  u s ing  S c a t t e r o m e t e r  d a t a  was r e l e a s e d  i n  FY 1985. 
awarded f o r  t h e  an t ennas  and t r a v e l l i n g  wave tubes .  
conducted and t h e  A0 s e l e c t i o n  p r o c e s s  w i l l  be completed. 

C o n t r a c t s  were 
I n  FY 1986, a P re l imina ry  Design Review w i l l  be 

CHANGES FROM 1986 BUDGET ESTIMATE 

The $17.7 m i l l i o n  d e c r e a s e  is c o n s i s t e n t  wi th  Congress iona l  d i r e c t i o n .  T h i s  ha s  r e s u l t e d  i n  a s i x  
month de l ay  i n  t h e  i n s t rumen t  d e l i v e r y  t o  t h e  Navy w i thou t  any immediate impact t o  t h e  Navy N-ROSS 
launch  date. 

BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, des ign  and development of t h e  Sca t t e rome te r  w i l l  be  con t inued  l e a d i n g  t o  t h e  scheduled  
launch  i n  l a t e  1990. 
con t inued ,  f a b r i c a t i o n  o f  t h e  r a d i o  frequency subsystem w i l l  be i n i t i a t e d ,  procurement o f  a ground 
based computer system w i l l  be under taken ,  and a c r i t i c a l  des ign  review w i l l  be completed. 

I n  p a r t i c u l a r ,  t h e  an tenna  and t r a v e l l i n g  wave t u b e  f a b r i c a t i o n  w i l l  be 
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BASIS ff FY 1987 FUNDING REQUIREMENT 

UPPER ATMOSPHERE RESEARCH SATELLITE PROGRAM 

1986 1987 
Cur ren t  Budget 1905 Budqet 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  D o l l a r s )  

Spacecraft .  ........................... 21,70U 80,2110 67,200 99,5011 
Experiments ........................... 34, O W  53,6011 56,80b 52,700 

Total............................... 55,700 134,000 124,000 152,200 

( 18,400 ) Space T ranspo r ta t i on  System Operat ions ( --- (--- ( --- 
OBJECTIVES AND STATUS 

The Upper Atmosphere Research S a t e l l i t e  (UARS) program i s  t h e  nex t  l o g i c a l  s tep  i n  conduct ing a 
comprehensive program o f  research, technology development and mon i to r i ng  o f  the upper atmosphere aimed 
a t  improv ing bas ic  s c i e n t i f i c  understanding. This miss ion  i s  e s s e n t i a l  f o r  understanding the  key 
r a d i a t i v e ,  chemical and dynamical processes which couple together  t o  c o n t r o l  t he  composi t ion and 
s t r u c t u r e  o f  the  s t ratosphere.  The UARS miss ion  w i l l  p rov ide  the  f i r s t  i n t e g r a t e d  g l o b a l  measurements 
of: ozone concentrat ion;  chemical species t h a t  a f f e c t  ozone; energy i npu ts ;  temperature; and winds i n  
the  s t ra tosphere  and mesosphere. 
atmospheric parameters a f f e c t i n g  ozone t h a t  were made on Nimbus and SAGE. 
c r i t i c a l  element i n  o v e r a l l  s t r a t o s p h e r i c  research and mon i to r i ng  e f f o r t s ;  i t  w i l l  p rov ide  the  f i r s t  
f u l l  data s e t  on s t r a t o s p h e r i c  composi t ion and dynamics which w i l l  be r e q u i r e d  when very d i f f i c u l t  
dec i s i ons  must be made i n  the f u t u r e  regard ing  p roduc t i on  o f  ch lo ro f luorocarbons .  The UARS m iss ion  
w i l l  a l so  c o n t r i b u t e  t o  the  assessment o f  the  impact o f  s t r a t o s p h e r i c  changes on our c l ima te  and w i l l  
p rov ide  the  data needed f o r  a f u l l  understanding o f  the  s t ratosphere.  These understandings a re  
e s s e n t i a l  for  subsequent design and implementat ion o f  a long- term s t r a t o s p h e r i c  mon i to r i ng  a c t i v i t y .  

These measurements w i l l  complement t h e  measurements o f  ozone and o f  
The UARS program i s  a 

A f i n a l  s e l e c t i o n  o f  t en  experiments has been made, i n c l u d i n g  i n f r a r e d  and microwave l i m b  sounders 
which r e q u i r e  advances i n  cryogenics, s o l i d - s t a t e  devices and microwave antennas beyond e a r l i e r  
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c a p a b i l i t i e s .  The ins t rument  design and development a c t i v i t i e s  a re  underway. 
U l t r a v i o l e t  (SBUV) ins t rument  w i l l  be mod i f i ed  t o  f l y  on the  S h u t t l e  d u r i n g  the UARS miss ion  and t o  
p rov ide  c o r r e l a t i v e  data. I n  add i t i on ,  development o f  the c e n t r a l  ground data hand l ing  f a c i l i t y ,  
which w i l l  pe rm i t  near- real t ime i n t e r a c t i v e  u t i l i z a t i o n  o f  da ta  by the  twenty-one design and 
t h e o r e t i c a l  i n v e s t i g a t o r  teams, i s  underway. 

A Solar  Backscat ter  

CHANGES FROM FY 1986 BU)GET ESTIMATE - 

The t o t a l  $10.0 m i l l i o n  decrease i s  c o n s i s t e n t  with Congressional d i r e c t i o n .  

BASIS OF FY 1987 ESTIMATE 

The FY 1987 funds a re  requ r i ed  f o r  c o n t i n u a t i o n  o f  the development a c t i v i t i e s  on t he  ten  UAIiS 
ins t ruments  i n c l u d i n g  f l i g h t  hardware f a b r i c a t i o n ,  ins t rument  assembly and envi ronmental  t e s t i n g  
l e a d i n g  t o  ins t rument  d e l i v e r y  t o  the spacecra f t  i n  1988. I n  add i t i on ,  t he  spacecra f t  design and 
development a c t i v i t i e s  w i l l  be cont inued i n  FY 1987 l e a d i n g  t o  the  observatory c r i t i c a l  design rev iew 
i n  the  l a t t e r  h a l f  o f  FY 1987 and the i n i t i a t i o n  o f  f l i g h t  hardware f a b r i c a t i o n .  

The ground da ta  hand l ing  f a c i l i t y  w i l l  enable a h igher  l e v e l  o f  i n t e r a c t i o n  among experimenters and 
t h e o r e t i c i a n s  than has e x i s t e d  w i th  pas t  programs. Implementat ion o f  t h i s  concept r e q u i r e s  t h a t  the  
system be developed on a t ime l y  p a r a l l e l  p a t h  w i th  t h e  f l i g h t  hardware so t h a t  i n d i v i d u a l  experiment 
da ta  processing subsystems, i n c l u d i n g  a lgo r i t hms  and the  i n t e r a c t i v e  da ta  base, p rov ide  maximum 
i n t e r a c t i o n  and e f fec t i veness  i n  t h e  design and development phase o f  t he  program and are  f u l l y  
v e r i f i e d  a t  launch t ime. I n  order  t o  achieve th i s ,  FY 1387 fund ing  is requ i red  t o  cont inue design and 
development o f  t he  ground data hand l i ng  f a c i l i t y  i nc lud ing :  hardware d e l i v e r y  and checkout, sof tware 
p r e l i m i n a r y  and c r i t i c a l  design reviews, sc ience team support  and sc ience a l g o r i t h m  development. 
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M I S  OF FY 1987 FUNDING - REQUIREMENT 

OCEAN TOPOGRAPHY EXPERIMENT 

1986 19117 
1985 Budpet Current  Budqet 

Ac tua l  Est G a t e  Est imate ~s t i i a  t e  
(Thousands  o f  D m  

29,000 Ocean topography experiment (TOPEX). . . -e- - -- --- 
OBJECTIVES ANU STATUS 

The goa l  o f  the  Ocean Topography Experiment (TOPEX) i s  t o  u t i l i z e  s a t e l l i t e  radar  a l t i m e t r y  t o  
measure the  su r face  topography o f  t h e  g l o b a l  oceans over a p e r i o d  o f  t h ree  years with s u f f i c i e n t  
accuracy and p r e c i s i o n  t o  s i g n i f i c a n t l y  enhance our understanding o f  the  oceans' genera l  c i r c u l a t i o n  
and i t s  mesoscale v a r i a b i l i t y .  The c a p a b i l i t y  o f  s a t e l l i t e  a l t i m e t r y  t o  address th i s  goa l  was 
demonstrated i n  1978 by NASA's h i g h l y  success fu l  Seasat program. 
understand how the atmosphere d r i v e s  t h e  c i r c u l a t i o n  o f  the  oceans, how the  oceans i n  t u r n  i n f l u e n c e  
the  atmosphere and u l t i m a t e l y ,  the  r o l e  o f  the  oceans i n  c l imate.  

Such i n f o r m a t i o n  i s  needed t o  b e t t e r  

Current  p lans  c a l l  f o r  NASA and the  French Space Agency (CNES) t o  c o l l a b o r a t e  on TOPEX i n  order  t o  
more f u l l y  e x p l o i t  the  s c i e n t i f i c  value o f  the  data. I n  exchange f o r  t h i s  s c i e n t i f i c  c o l l a b o r a t i o n  
and the  f l i g h t  of a French a l t i m e t e r  and t r a c k i n g  system, CNES w i l l  launch TOPEX i n  mid-1991 us i ng  
Ariane. TOPEX i s  a lso  be ing planned i n  concer t  w i t h  the  World Ocean C i r c u l a t i o n  Experiment (WOCE), a 
major i n t e r n a t i o n a l  oceanographic f i e l d  program be ing planned under t h e  auspices o f  t he  World Cl imate 
Research Program (WCRP). 
observat ions t o  enable the  f i r s t  comprehensive de te rm ina t ion  o f  t h e  three- dimensional  c u r r e n t  
s t r u c t u r e  o f  the g l o b a l  oceans. When f u r t h e r  combined with ocean sur face  winds from the  NASA 
Scat terometer (NSCAT) planned f o r  f l i g h t  on t he  U.S. Navy Remote Ocean Sensing System (N-ROSS) i n  l a t e  
1990, unique measurements o f  the  oceans' d r i v i n g  force (winds) ana the  r e s u l t i n g  ocean response 
(topography) w i l l  have been obtained. 

WOCE w i l l  combine s a t e l l i t e  observat ions from TOPEX with t r a d i t i o n a l  -- i n  s i t u  
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BASIS OF FY 1987 ESTIMATE 

During FY 1986, a Request f o r  P r o p o s a l s  (RFP) t o  select a s i n g l e  s a t e l l i t e  c o n t r a c t o r  and an 
Announcement of Oppor tuni ty  t o  select a Sc ience  Working Team are planned t o  be i s sued .  Once t h e s e  
s e l e c t i o n s  have been made, NASA w i l l  be i n  a p o s i t i o n  t o  i n i t i a t e  f u l l  scale development o f  TOPEX, 
t h u s  p e r m i t t i n g  a May 1991 launch. The r e s u l t i n g  h igh  deg ree  o f  o v e r l a p  wi th  N-ROSS and WOCE w i l l  
p e rmi t  a t r u l y  unique set o f  coo rd ina t ed  spaceborne  and -- i n  s i t u  o b s e r v a t i o n s  t o  be obta ined .  

I n  FY 1987 d e t a i l e d  des ign  work i n  a l l  areas o f  t h e  p r o j e c t - - s a t e l l i t e ,  s e n s o r s ,  ground d a t a  system, 
etc.--will be focused on p repa r ing  f o r  a Cr i t ica l  Design Review (CDR) i n  early FY 1988 such  t h a t  
hardware f a b r i c a t i o n  can be i n i t i a t e d .  

RD 7-30 



MATERIALS 

IN SPACE 
PROCESSING / 



RESEARCH AND DEVELOPWENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET M A R Y  

OFFICE OF SPACE SCIENCE AND APPLICATIONS MATERIALS PROCESSING I N  SPACE PROGRAH 

S M A R Y  OF RESOURCES REQUIREMENTS 

1985 
Ac tua l  

Research and analysis......... ........ 11,700 
M a t e r i a l s  experiment operations....... 15,30lr 

Total............................... 27,000 

D i s t r i b u t i o n  o f  Proqram Amount by I n s t a l l a t i o n  

Johnson Space Center.................. 2,661 

Lewis Research Center................. 5,767 
Langley Research Center............... 1,256 

Headquarters.......... ................ 4,419 

Marsha l l  Space F l i g h t  Center.......... ti ,353 

J e t  P ropu ls ion  Laboratory............. 4,544 

T o t a l . . . . . . . . . . . . . . . . . . o ~ o ~ e ~ ~ ~ ~ ~ ~ o ~  27,000 

1986 1987 
Budget Current  Budget Page 

Est imate Est imate Est imate Number 
- m d s  o f  ~Dollars) 

12,400 12,400 12,9011 RD 8-3 
21,6U0 22,60b 31, 00U RD 8-4 

34,000 35,000 43,900 

3,150 3,900 3,700 
10, 980 8, u00 12,3U0 

6,700 6,600 6,700 

8,075 6,600 9,700 
3,895 8,600 9,200 

1,200 1,3U0 2,300 

34, I300 35,000 43,900 
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FlSCAL YEAR 1987 ESTIMATES 

WFICE OF SPACE SCIENCE AND APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION 

MATERIALS PROCESSING I N  SPACE PROGRAM 

The Materials P roces s ing  i n  Space program emphasizes t h e  s c i e n c e  and technology o f  p roces s ing  
materials t o  unders tand  c o n s t r a i n t s  imposed by g r a v i t a t i o n a l  f o r c e s  and t h e  unique c a p a b i l i t i e s  made 
p o s s i b l e  by c o n t r o l l i n g  t h e s e  p r o c e s s e s  i n  t h e  space  environment.  Ground-based r e s e a r c h ,  technology 
development,  and payload d e f i n i t i o n  ac t iv i t ies  i n  FY 1986 are be ing  concen t r a t ed  on s i x  major 
p r o c e s s i n g  areas: metals and a l l o y s ,  e l e c t r o n i c  materials, g l a s s  and ceramics, b io technology,  
combustion, and f l u i d  dynamics and t r a n s p o r t  phenomena. These ac t iv i t i e s  w i l l  p rov ide  t h e  s c i e n t i f i c  
b a s i s  f o r  f u t u r e  space  a p p l i c a t i o n s  of  materials p roces s ing  technology a s  well a s  p rov ide  a b e t t e r  
unders tanding  of  how t h e s e  p r o c e s s e s  occur  on t h e  ground. D e f i n i t i o n  s t u d i e s  w i l l  be performed f o r  
S h u t t l e  experiment  c a n d i d a t e s  i n  areas such  as  c o n t a i n e r l e s s  exper iments ,  combustion s c i e n c e ,  
s o l i d i f i c a t i o n  and crystal  growth, and blood s t o r a g e .  Also inc luded  are maintenance o f  c a p a b i l i t i e s  
f o r  expe r imen ta t ion  i n  drop t u b e s ,  towers ,  and a i r c r a f t .  S t u d i e s  and s c i e n c e  s u p p o r t  f o r  J o i n t  
Endeavor and Techn ica l  Exchange Agreements are inc luded  i n  t h i s  program. 

Materials Experiment Ope ra t ions  is a c o n s o l i d a t i o n  of  ongoing ac t iv i t i e s  which p rov ide  a range  o f  
expe r imen ta l  c a p a b i l i t i e s  f o r  a l l  s c i e n t i f i c  and commercial p a r t i c i p a n t s  i n  t h e  Mic rog rav i ty  Sc i ence  
and A p p l i c a t i o n s  program. These i n c l u d e  S h u t t l e  mid-deck exper iments ,  t h e  Materials Experiment 
Assembly and t h e  Materials Sc i ence  Labora tory ,  which is c a r r i e d  i n  t h e  o r b i t e r  bay. These 
c a p a b i l i t i e s  w i l l  e n a b l e  users t o  deve lop  d i f f e r e n t  exper iments  i n  a c o s t - e f f e c t i v e  manner and a l l ow a 
b e t t e r  unders tanding  o f  t h e  t e c h n i c a l  risks a s s o c i a t e d  with experiment  concep t s  b e f o r e  a t t e m p t i n g  t o  
develop  more complex hardware. I n  a d d i t i o n ,  r e f l i g h t  of  i n v e s t i g a t i o n s  on Shu t t l e /Space l ab  mi s s ions  
and t h e  mid-deck is provided f o r  i n  Materials Experiment Opera t ions .  
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WSfS 8F FY 1Yb7 FUNDING REWIRENENT 

RESEARCH AND ANALYSIS (MATERIALS PROCESSING 

19 86 1987 
Budget Cur rent  Budget 1985 

A c t u a l  Est imate  Est imate  E s t  imate 
m d s  o f  Dollars) 

Ground-based i n v e s t i g a t i o n s ,  
a n a l y s i s  and studies................ 11,7bU 12,4011 12,400 12,900 

OBJECTIVES AND STATUS 

The research and a n a l y s i s  a c t i v i t y  p rov ides  the  s c i e n t i f i c  foundat ion  f o r  a l l  c u r r e n t  and f u t u r e  
p r o j e c t s  i n  the  M i c r o g r a v i t y  Science and A p p l i c a t i o n s  program. Emphasis i s  p laced on ground-based 
research which i s  expected t o  evo lve  i n t o  space i n v e s t i g a t i o n s  w i t h  p o t e n t i a l  f o r  f u t u r e  
app l i ca t i ons .  This a c t i v i t y  a l s o  suppor ts  technology development f o r  f u t u r e  ground and space 
c a p a b i l i t i e s ,  and commerc ia l iza t ion  a c t i v i t i e s  l e a d i n g  toward p r i va te l y- funded  space en te rp r i ses .  
Most research p r o j e c t s  are i n i t i a t e d  as a r e s u l t  of proposals from t h e  s c i e n t i f i c  community which have 
been e x t e n s i v e l y  reviewed by peer groups p r i o r  t o  se lec t i on .  The FY 19&6 fund ing i s  be ing used t o  
support  ongoing research i n  i n f r a r e d  de tec to r  ma te r ia l s ,  s p h e r i c a l  s h e l l  technology, f l o a t i n g  zone 
c r y s t a l  growth, separa t ion  and syn thes is  o f  b i o l o g i c a l  ma te r ia l s ,  f l u i d  f l o w  e f f e c t s  i n  m a t e r i a l s  
processing, combustion science, and c o n t a i n e r l e s s  process ing techniques. Coordinated a c t i v i t i e s  wi th  
the  NASA O f f i c e  o f  Commercial Programs w i l l  cont inue wi th  s t u d i e s  o f  i n s t i t u t i o n a l  arrangements 
assoc ia ted with j o i n t  NASA/industry ventures, i n f o r m a t i o n  a c t i v i t i e s  d i r e c t e d  toward i n d u s t r y  
involvement i n  m i c r o g r a v i t y  sc ience ana a p p l i c a t i o n s  p r o j e c t s ,  and e a r l y  n e g o t i a t i o n s  and c o n t i n u i n g  
t e c h n i c a l  support  with companies i n t e r e s t e d  i n  under tak ing j o i n t  space endeavors with NASA. 

BASIS OF FY 1987 ESTIMATE 

Ground-based research and a n a l y s i s  w i l l  be cont inued i n  FY 19&7 i n  the  areas of metals and a l l o y s ,  
e l e c t r o n i c  ma te r ia l s ,  g lass  and ceramics, b iotechnology,  combustion, and f l u i d  dynamics and t r a n s p o r t  
phenomena. Research w i l l  be conducted t o  d e f i n e  the  r o l e  o f  g r a v i t y- d r i v e n  i n f l u e n c e s  i n  gener ic  
process ing methods. E f f o r t  w i l l  cont inue a t  t h e  cen te rs  f o r  b ioprocess ing research l o c a t e d  a t  t h e  
U n i v e r s i t y  o f  Ar izona and the U n i v e r s i t y  C i t y  Science Center i n  Ph i l ade lph ia ,  PA as w e l l  as the  
M i c r o g r a v i t y  M a t e r i a l s  Science Lab a t  t h e  Lewis Research Center. 
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BASIS €IF FY 1987 FUNDING REQUIREMENT 

MATERIALS EXPERIMENT OPERATIONS 

1986 1987 
1985 Budget Cur ren t  Budget 

Actual Estimate E s t  ima t e Estimate 
(Thousands o f  Dollars) 

Materials experiment  operations....... 15,300 21,600 22,6[10 31,000 

OBJECTIVES AH) STATUS 

The materials experiment  o p e r a t i o n s  program p rov ides  a wide range  o f  o p p o r t u n i t i e s  f o r  s c i e n t i f i c  
and commercial exper iments  i n  mic rog rav i ty  s c i e n c e  and a p p l i c a t i o n s .  Development o f  S h u t t l e  mid-deck 
and c a r g o  bay exper iments  are suppor t ed  under t h i s  a c t i v i t y .  P r e l i m i n a r y  d a t a  a n a l y s i s  on S h u t t l e  
exper iments  a l r e a d y  flown has  shown promising r e s u l t s .  

CHANGES FROM FY 1986 ENDGET ESTIMATE 

The funding  i n c r e a s e  of  $l.OM w i l l  be used t o  augment t h e  materials p roces s ing  f l i g h t  experiment  
ac t iv i t ies ,  and t o  i n i t i a t e  t h e  s tudy  o f  advanced experiment  a p p a r a t u s  f o r  r e s e a r c h  i n  g l a s s e s  and 
ceramics . 
BASIS OF FY 19b7 ESTIMATE 

FY 1987 funding  is r e q u i r e d  t o  c o n t i n u e  b a s i c  and a p p l i e d  r e s e a r c h  a c t i v i t i e s  us ing  mid-deck and 
ca rgo  bay exper iments  l e a d i n g  t o  several f l i g h t s  over  t h e  nex t  few years. I n v e s t i g a t i o n s  w i l l  be 
conducted i n  g l a s s e s ,  e l e c t r o n i c  materials, b io technology,  metals and a l l o y s ,  and combustion. 
Development w i l l  beg in  on a number of Phys i c s  and Chemistry Experiments  (PACE) as  well as  con t inued  
development o f  several p i e c e s  o f  advanced equipment i n  t h e  areas o f  e l e c t r o n i c  crystal  growth, 
b io technology,  metallic c a s t i n g ,  and p a r t i c l e  combustion. 
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RESEARCH AND OEVELOPHENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET M A R Y  

&FEE W %ACE SCIENCE AND APPLICATIONS 

SUMMARY OF RESOURCES REQUIREMENTS 

1985 
Ac tua l  

Advanced Communications Technology 
S a t e l l i t e  (ACTS). ................... 45,000 

Research and analysis..  ............... 9,100 

Technica l  consu l t a t i on  and 

Experiment coord ina t ion  and operat ions 

Search and rescue...............,...... 2,400 

support  studies..................... 2, YOU 

support.  ............................ 1,2cl0 

Total............................... 60,600 

D i s t r i b u t i o n  o f  Proqram Amount by I n s t a l l a t i o n  

Goddard Space F l i g h t  Center........... 3,792 
J e t  P ropu ls ion  Laboratory........... .. 4,579 

Na t i ona l  Space Technology Labora to r ies  --- 
Langley Research Center............... --- 
Lewis Research Center................. 48,955 
Headquarters............. ............. 3,274 

Ames Research Center.................. --- 

Total............................... 61,, 600 

1966 
Budqet Current  

Est iGate Est imate 
m d s  o f  Dollars) 

90, OOD 85, UOU* 
10,600 10,400 

1,300 1,301, 

3,100 2,6W 

1,200 1, oclcl 

106,200 100,300 

2,720 4,220 
6, DOC, 5,416 --- --- 

-- - --- 
--- --- 

Y4,20D 87,535 
3,2811 3,129 

COMHUNICATIONS PROGRAH 

1987 
Budget Page 

Est imate Number 

--- --- 
14,000 RD 9-4 

RD 9-6 1,Ljolr 

3,200 RD 5-7 

1.300 RD 9-9 

19,500 

5,087 
8,272 --- 

--- 
--- 

s, 100 
1.041 

19,500 

*A proposed r e c i s i o n  o f  $26,796 fo r  th is  p r o j e c t  i s  inc luded  i n  the  P res i den t ' s  Budget. 
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RESEARCH AND DEVELOWENT 

FISCAL YEAR 1987 ESTIMATES 

BFFICE OF SPACE SCIENCE AND APPLICATIONS COHHUNICATIONS PROGRAM 

OWECTIVES AND STATUS 

The Communications Research and A n a l y s i s  program c o n t i n u e s  t o  p r o v i d e  development o f  component and 
d e v i c e  technology r e q u i r e d  by NASA, o t h e r  government a g e n c i e s ,  and U.S. i n d u s t r y  f o r  advanced 
communications s a t e l l i t e  systems. S p e c i a l  emphasis is be ing  g iven  t o  pursu ing  t e c h n o l o g i e s  wi th  h i g h  
p o t e n t i a l  f o r  improving spect rum u t i l i z a t i o n ,  s a t e l l i t e  s w i t c h i n g ,  and i n t e r s a t e l l i t e  l i n k  
t e c h n o l o g i e s ,  s i n c e  t h e s e  t e c h n o l o g i e s  are t h e  key  t o  future growth o f  t h e  communication s a t e l l i t e  and 
t e r m i n a l  markets. I n  a d d i t i o n ,  t h e  mobile communications technology program w i l l  c o n t i n u e  t o  a d d r e s s  
t h e  development o f  c r i t i c a l  e n a b l i n g  t e c h n o l o g i e s  needed t o  i n s u r e  growth o f  a commercial mobi le  
s a t e l l i t e  service i n  t h e  U.S. T h i s  e f f o r t ,  i n  c o o p e r a t i o n  wi th  U.S. i n d u s t r y ,  Canada, and o t h e r  
government a g e n c i e s ,  w i l l  h e l p  implement a f i r s t  generag ion  commercial system a t  t h e  end o f  t h e  
decade.  

The Search  and Rescue program is an i n t e r n a t i o n a l  c o o p e r a t i v e  program t h a t  d e m o n s t r a t e s  t h e  use o f  
s a t e l l i t e  technology t o  d e t e c t  and l o c a t e  a i rc raf t  or vessels i n  d i s t r e s s .  The Uni ted  S t a t e s ,  Canada, 
F rance ,  and t h e  S o v i e t  Union developed t h e  system, i n  which Norway, t h e  Uni ted  Kingdom, and Sweden 
a l s o  p a r t i c i p a t e .  A f o u r  s a t e l l i t e  system is now i n  service (two U.S. and two U.S.S.R. s a t e l l i t e s )  
and h a s  been c r e d i t e d  wi th  s a v i n g  over  500 l ives  i n  numerous worldwide i n c i d e n t s .  The list c o n t i n u e s  
t o  grow weekly .  The r e s o u r c e s  r e q u e s t e d  re f lec t  t h e  fact t h a t  t h e  primary r e s p o n s i b l i t y  f o r  t h i s  
program  has been t r a n s f e r r e d  t o  NOAA. 

The t e c h n i c a l  c o n s u l t a t i o n  and s u p p o r t  program w i l l  c o n t i n u e  t o  p r o v i d e  f o r  s t u d i e s  o f  r a d i o  
i n t e r f e r e n c e ,  p ropaga t ion  and s p e c i a l  systems r e q u i r e d  f o r  t h e  growth o f  e x i s t i n g  s a t e l l i t e  services 
and t h e  e x t e n s i o n  o f  new s a t e l l i t e  a p p l i c a t i o n s .  Suppor t  t o  t h e  Department o f  S t a t e ,  t h e  F e d e r a l  
Communications Commission, t h e  N a t i o n a l  Telecommunications and I n f o r m a t i o n  A d m i n i s t r a t i o n ,  and o t h e r  
Agencies i n  t h e  development o f  f requency and o r b i t  s h a r i n g  t e c h n i q u e s  and s t r a t e g i e s  f o r  upcoming 
World A d m i n i s t r a t i v e  Radio Conferences  ( WARC' s )  is c o n t i n u i n g .  

The exper iment  c o o r d i n a t i o n  and o p e r a t i o n s  s u p p o r t  program assists o t h e r  f e d e r a l  a g e n c i e s  and p u b l i c  
s e c t o r  o r g a n i z a t i o n s  i n  t h e  development o f  exper imenta l  s a t e l l i t e  communications f o r  emergency, 
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d i s a s t e r  and p u b l i c  service a p p l i c a t i o n s .  
is c o n t i n u i n g  th rough  c o n t r a c t s  w i t h  t h e  U n i v e r s i t y  o f  Miami. 

Opera t ion  of t h e  A p p l i c a t i o n s  Technology S a t e l l i t e  ( A T S )  3 

Development work w i l l  be t e r m i n a t e d  on t h e  Advanced Communications Technology S a t e l l i t e  
demons t ra t ion  f l i g h t .  A proposed r e c i s s i o n  h a s  been i n c l u d e d  i n  t h e  P r e s i d e n t ' s  Budget f o r  t h i s  
p r o j e c t .  
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BASIS OF FY 1987 FUNDING REQUIREHENT 

RESEARCH AND ANALYSIS (COMMUNICAJIONS) --- 

19% 1387 -- 
C u r r e n t  Budget 1985 Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  D o l l a r s )  

Research and ana l ys i s  ................. 9,100 10,601i 10,400 14,000 

OBJECTIVES AND STATUS 

The Communications Research and Analys is  program emphasizes the development o f  h i gh- r i sk  technology 
requ i red  .to ma in ta in  U.S. preeminence i n  the i n t e r n a t i o n a l  s a t e l l i t e  communications market, t o  enable 
new and i nnova t i ve  p u b l i c  serv ices,  and t o  meet the communications needs o f  NASA and o f  o ther  
government agencies. This program focuses on the " i n t e r c o n n e c t i v i t y  , technologies"  o f  on-board 
swi tch ing,  i n t e r s a t e l l i t e  l i n k s ,  and antennas, as w e l l  as the convent ional  RF technologies. Advanced 
s tud ies  are performed t o  determine the f u t u r e  s a t e l l i t e  communications needs o f  the country,  and t o  
de f i ne  the technology requ i red  t o  meet those needs. The technology i s  developed and tes ted  through an 
advanced proof- of- concept (POC) program. The POC devices and components are then i n teg ra ted  i n t o  a 
m u l t i p l e  te rmina l ,  s a t e l l i t e  communications network i n  a l abo ra to ry  where they undergo comprehensive 
evaluat ion.  

I n  1986, work i s  con t inu ing  on i n t e r s a t e l l i t e  l a s e r  l i n k  technology. This  advanced technology has 
the p o t e n t i a l  t o  s i g n i f i c a n t l y  improve i n t e r s a t e l l i t e  comun ica t i ons  by a l l ow ing  h igh  data r a t e  
t ransmiss ion i n  the Space S t a t i o n  era. Technology development i s  a lso  underway i n  the area of 
mono l i t h i c  microwave i n teg ra ted  c i r c u i t s  (MMIC) , which have s i g n i f i c a n t  p o t e n t i a l  f o r  app l i ca t i ons  i n  
m u l t i p o r t  spacecraf t  ma t r i x  switches, low noise rece ivers ,  and multibeam antenna ar rays  and beam- 
forming networks. A number o f  i n d u s t r y  s tud ies  are being sponsored t o  assess new areas o f  
communications technologies requ i red  f o r  the 1990's. 

The mobi le communications technologies a c t i v i t y  i s  aimed a t  acce le ra t i ng  the i n t r o d u c t i o n  o f  a 
commercial mobi le s a t e l l i t e  se rv i ce  i n  the U.S., and developing power, bandwidth and o r b i t a l - s l o t  
e f f i c i e n t  ground segment technology and networking techniques needed t o  i nsu re  i t s  growth. An 
i nnova t i ve  cooperat ive agreement between NASA and i n d u s t r y  was signed i n  FY 1985 as the bas i s  f o r  t h i s  
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e f f o r t .  I n  early FY 19b6, our  t echno logy  development program r e c e i v e d  s u p p o r t  o f  t h e  i n d u s t r y  a t  a 
major government / indust ry  b r i e f i n g .  We are c o n t i n u i n g  t o  work w i t h  o t h e r  government a g e n c i e s  t o  
d e f i n e  an  e x p e r i m e n t a l  test  program aimed a t  emergency response  and p u b l i c  service a p p l i c a t i o n s .  

I n  FY 1986, development e f f o r t s  on ground segment technology is c o n t i n u i n g .  D e f i n i t i o n  o f  low c o s t ,  
h i g h  g a i n  r o o f t o p  v e h i c l e  a n t e n n a s  t h a t  can a t  least doub le  t h e  number o f  o r b i t a l  s l o t s  a v a i l a b l e  h a s  
been completed and development o f  e n g i n e e r i n g  hardware models is underway. Design is c o n t i n u i n g  on 
t e r m i n a l  and networking t e c h n i q u e s  t h a t  w i l l  r e s u l t  i n  power/bandwidth e f f i c i e n t  v o i c e  t r a n s m i s s i o n s  
(approx imate ly  s i x  times g r e a t e r  t h a n  t h e  new cellular ter res t r ia l  t echno logy)  and i n f o r m a t i o n  ( v o i c e  
p l u s  . d a t a )  th roughput  i n c r e a s e s .  NASA w i l l  c o n t i n u e  t o  work wi th  t h e  p r i v a t e  s e c t o r  and o t h e r  
government a g e n c i e s  t o  d e f i n e  a f i e l d  test planned f o r  l a t e  1986. To a c h i e v e  t h i s ,  and t o  f o s t e r  
c o o p e r a t i o n  d u r i n g  t h e  e x p e r i m e n t a l  phase ,  seven Memoranda of  Unders tanding have been s igned .  These 
r e p r e s e n t  almost 30 government agenc ies .  

CHANGES FRPI THE FY 1986 BU)GET ESTIMATE 

The d e c r e a s e  i n  t h e  FY 1986 budget estimate r e f l e c t s  FY 1966 agency o p e r a t i n g  p l a n  a d j u s t m e n t s  t o  
p r o v i d e  f o r  o t h e r  h i g h e r  p r i o r i t y  r equ i rements .  

BASIS OF FY 1987 ESTIMATE 

During FY 1987, advanced s t u d i e s  and s e l e c t e d  technology development w i l l  be c o n t i n u e d  i n  t h e  
focussed  high r i s k  areas o f  s a t e l l i t e  s w i t c h i n g ,  RF ( r a d i o  f requency)  systems, i n t e r s a t e l l i t e  l i n k s  
and mobi le  communications. Work i n  these technology areas w i l l  s u p p o r t  U.S. i n d u s t r y ,  NASA, and o t h e r  
government a g e n c i e s  and a d d r e s s  n a t i o n a l  economic and security i n t e r e s t s .  

FY 1987 mobile communications technology a c t i v i t y  w i l l  f o c u s  on f i e l d  tes ts  of advanced c o n c e p t s  i n  
an o p e r a t i o n a l - l i k e  environment.  These i n i t i a l  tests, which w i l l  i n v o l v e  NASA, o t h e r  a g e n c i e s ,  U.S. 
i n d u s t r y ,  and Canada, are a c r i t i c a l  first  s t e p  i n  t y i n g  t o g e t h e r  t h e  advanced technology e l e m e n t s  
under development f o r  a fu ture  mobi le  s a t e l l i t e  communications exper iment .  
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BASIS OF FY 1987 FUNOING REQUIRENENT 

Search  and rescue..................... 

SEARCH AND RESCUE 

1986 1987 
C u r r e n t  Budget 1985 Budget 

Actual Estimate Estimate E s t  ima t e  

2,400 1,300 1 ,300  1,000 

OBJECTIVES AMI STATUS 

The Search  and Rescue program, developed by NASA and its i n t e r n a t i o n a l  p a r t n e r s ,  h a s  demonstra ted  
t h e  f e a s i b i l i t y  of  us ing  s a t e l l i t e s  t o  s i g n i f i c a n t l y  improve t h e  a b i l i t y  t o  d e t e c t  and l o c a t e  g e n e r a l  
a v i a t i o n  a i r c r a f t  and marine vessels d u r i n g  emergencies.  The Search  and Rescue s a t e l l i t e  systems h a s  
met a l l  s p e c i f i c a t i o n s  and was d e c l a r e d  o p e r a t i o n a l  i n  J u l y  1985. The system h a s  r e c e i v e d  world-wide 
acclaim and h a s  been c r e d i t e d  wi th  s a v i n g  over  SOU l i v e s  t o  d a t e .  I n  a d d i t i o n ,  t h e  system is 
demons t ra t ing  t h e  p o t e n t i a l  t o  save m i l l i o n s  o f  d o l l a r s  a n n u a l l y  i n  s e a r c h  l o g i s t i c s  c o s t s .  

I n  FY 1986, work is c o n t i n u i n g  t o  improve system s o f t w a r e  e f f i c i e n c y ,  develop low-cost 406 MHz 
hardware,  and i n i t i a t e  development t e c h n i q u e s  t h a t  w i l l  enhance t h e  a b i l i t y  o f  t h e  system t o  q u i c k l y  
l o c a t e  t h o s e  i n  d i s t r e s s .  

BASIS OF FY 1987 ESTIMATE 

I n  FY 19b7, an exper iment  w i l l  be under taken t o  evaluate t h e  use o f  g e o s t a t i o n a r y  s a t e l l i t e s  f o r  
i n s t a n t  a l e r t i n g  o f  s e a r c h  and rescue f o r c e s .  Work w i l l  a l s o  c o n t i n u e  on t h e  development and tes ts  o f  
o t h e r  t e c h n o l o g i e s  wi th  t h e  p o t e n t i a l  t o  f u r t h e r  enhance c a p a b i l i t i e s  f o r  e f f e c t i v e  s e a r c h  and rescue. 
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M I S  OF FY 1987 FUNDING REOUIRMENT 

TECHNICAL CONSULTATION AND SUPPORT STUDIES 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  D o l l a r s )  

Technica l  consu l t a t i on  and 
suppor t  studies..................... 2 , 900 3,lbO 2,6011 3,200 

OBJECTIVES AND STATUS 

Technica l  consu l t a t i on  and support  s tud ies  p rov ide  the t e c h n i c a l  bas i s  f o r  r egu la to ry  and p o l i c y  
development t o  assure t he  o r d e r l y  growth o f  e x i s t i n g  and new s a t e l l i t e  services. Unique a n a l y t i c a l  
t o o l s  a re  developed and used t o  so l ve  problems o f  i n t e r -  and in t ra-sa te l l i te / te r res t r ia l  system 
in te r fe rence .  Emphasis i s  p laced on o r b i t  and spectrum u t i l i z a t i o n  s tud ies,  which i nc lude  t he  
development o f  frequency and o r b i t  shar ing  techniques and s t ra teg ies ,  design standards, and the 
de te rmina t ion  o f  t he  e f f ec t  o f  propagat ion phenomena and man-made no ise  on performance, design, and 
e f f i c i e n t  use o f  the geos ta t ionary  s a t e l l i t e  o r b i t  and the r a d i o  spectrum. 

NASA s tud ies  and p a r t i c i p a t i o n  i n  t he  Space World Admin i s t ra t i ve  Radio Conference (SWARC) i n  t h e  
summer o f  19ti5 con t r i bu ted  t o  the success fu l  outcome o f  the  conference. Propagat ion measurements, 
c a r r i e d  ou t  du r i ng  FY 1985 and FY 1986 w i th  bal loons,  drone a i r c r a f t ,  and he l i cop te rs ,  are p r o v i d i n g  
new i n s i g h t  t o  i n d u s t r y  on the e f f e c t s  o f  t r e e s  and f o l i a g e  on mobi le  s a t e l l i t e  communications. NASA 
cont inues t o  respond t o  and suppor t  the  rulemaking by t he  Federa l  Communictions Commission (FCC) t o  
e s t a b l i s h  a commercial land  mobi le  s a t e l l i t e  serv ice.  The rulemaking, a n t i c i p a t e d  f o r  e a r l y  1986, i s  
expected t o  r e s u l t  i n  a new m u l t i b i l l i o n  d o l l a r  i n d u s t r y  w i th  bo th  domestic and f o r e i g n  markets and a 
commercial se rv i ce  owned and operated by the p r i v a t e  sec to r  by the  l a t e  1980's. 

CHANGES FROH FY 1986 W G E T  ESTIMATE 

The decrease i n  the FY 1986 budget es t imate  r e f l e c t s  FY 1966 agency opera t ing  p l a n  adjustments t o  
p rov ide  f o r  o ther  h igher  p r i o r i t y  requirements. 
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BASIS OF FY 1987 ESTIUATE 

During FY 1987, s t u d i e s  and a n a l y s e s  w i l l  be performed t o  s u p p o r t  p r e p a r a t i o n s  f o r  t h e  second 
s e s s i o n  of t h e  SWARC which is schedu led  t o  be h e l d  i n  Geneva i n  1988. P l a n s  w i l l  be  developed f o r  t h e  
f i x e d - s a t e l l i t e  service a t  t h a t  time and p r o p e r  p r e p a r a t i o n  is c r i t i c a l  t o  U.S. o b j e c t i v e s  f o r  
m a i n t a i n i n g  f l e x i b i l i t y  i n  o r b i t i n g  and o p e r a t i n g  communications s a t e l l i t e s .  NASA w i l l  complete  
p r e p a r a t i o n s  f o r  and w i l l  p a r t i c i p a t e  i n  t h e  1987 WARC on mobi le  communiations services. S t u d i e s  w i l l  
c o n t i n u e  for  t h e  purposes  o f  i d e n t i f y i n g  t e c h n i q u e s  t o  i n c r e a s e  t h e  e f f i c i e n t  use o f  t h e  l i m i t e d  
o r b i t / s p e c t r u m  r e s o u r c e s  and t o  unders tand  and a l l e v i a t e  t h e  adverse  e f f c t s  o f  p r o p a g a t i o n  phenomena 
on s p a c e  communications. 
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M I S  OF FY 1987 FUNOING REQUIREMENT 

EXPERIMENT COORDINATION AND OPERATIONS SUPPORT 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
[ m d s  o f  Dollars) 

Experiment coo rd ina t ion  and operat ions 
support............................. 1,200 1,200 1,000 1,300 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h i s  program i s  t o  support and document a wide range o f  user experiments and 
demonstrations i n  the a p p l i c a t i o n  o f  s a t e l l i t e  communications. Past experiments on exper imenta l  
s a t e l l i t e s  such as the App l i ca t i ons  Technology S a t e l l i t e  (ATS)  s e r i e s  ana the Communications 
Technology S a t e l l i t e  (CTS) , have been success fu l l y  p r o v i d i n g  users with the experience necessary f o r  
making informed dec is ions  regard ing  t h e i r  communications func t ions .  NASA's s t imu lus  i n  encouraging 
use of these unique f a c i l i t i e s  has l e d  t o  wider a p p l i c a t i o n  o f  commercial s a t e l l i t e s ,  which can b e t t e r  
meet the needs of p o t e n t i a l  users. 

ATS-1, a 19-year o l d  experimental s a t e l l i t e  t h a t  prov ided humani tar ian telecommunications se rv i ce  t o  
23 P a c i f i c  i s l a n d  na t ions  f o r  the  past  14 years was shut down when i t  would no longer  respond t o  
s tat ion- keeping commands. NASA i s  c u r r e n t l y  assessing replacement opt ions. The remaining ATS 
s a t e l l i t e ,  ATS-3, w i l l  cont inue t o  prov ide  two-way voice and data t ransmiss ion f o r  a number o f  
experiments being conducted i n  North America, the An ta rc t i c ,  and the P a c i f i c  and A t l a n t i c  oceans, i n  
support of the N a t i o n a l  Science Foundation, the  Department o f  the Navy, the  Department o f  Commerce, a 
number o f  u n i v e r s i t i e s ,  and p r i v a t e  i ndus t ry .  I t  cont inues t o  be an impor tant  l i n k  f o r  emergency 
communications i n  the western hemisphere as was demonstrated du r ing  the recent  Mexico C i t y  earthquake 
and Columbia vo lcan ic  erupt ion.  

CHANGES FROM FY 1986 W G E T  ESTIMATE 

The decrease i n  the FY 1986 budget est imate r e f l e c t s  FY 19b6 agency opera t ing  p l a n  adjustments t o  
prov ide  f o r  o ther  h igher  p r i o r i t y  requirements. 
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RESEARCH AND OEVELOPHENT 

FISCAL YEAR 1987 ESTIMATES 

MIDGET SUMMARY 

OFFICE OF SPACE SCIENCE AND APPLICATIONS INFORMATION SYSTEMS PROGRAM 

S W A R Y  OF RESOURCES REQUIRWENTS 

1986 19&7 
1985 Budget Cur ren t  Budget Page 

Ac tua l  Est imate Est imate Est imate Number 
m d s  o f  Dollars) 

Data systems. ......................... 8,400 9,000 9,000 9,300 RD 10-2 
10,201r 9,700 11,900 RD 10-2 In fo rma t i on  systems................... 7, tiuu 

Total............................... 16,200 

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n  

19,200 18,700 

-- 21  ti --- Johnson Space Center.................. 
Marsha l l  Space F l i g h t  Center.......... 125 130 
Goddard Space F l i g h t  Center........... 9,602 12,05b 12,680 
J e t  Propu ls ion  Laboratory............. 5,034 5,050 4,609 
Ames Research Center.................. 270 35b --- 
N a t i o n a l  Space Technology Labora tor ies  240 21u 190 
Headquarters.. ........................ 929 1,21ru 1,221 

Total............................... 16,200 19,200 18,700 

21,200 

1,211 

21,20u 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

WFfCE OF SPACE SCIENCE AND APPLICATIONS 

PRBGRM OBJECTIVES AN0 WSTIFICATION 

INFORHATION SYSTEMS PROGRAM 

The o b j e c t i v e s  o f  t h e  I n f o r m a t i o n  Systems program are to :  deve lop  and demons t ra te  advanced 
c a p a b i l i t i e s  of  managing, d i s t r i b u t i n g ,  and p r o c e s s i n g  d a t a  and i n f o r m a t i o n ;  implement i n f o r m a t i o n  
system s t a n d a r d s  and p r o v i d e  common s o f t w a r e  i n  o r d e r  t o  lower d a t a  system c o s t s ;  and deve lop  t h e  
b a s i s  f o r  d a t a  services t o  p r o v i d e  improved access t o ,  and r a p i d  d e l i v e r y  o f ,  s p a c e  d a t a  and advanced 
d a t a  systems i n  s u p p o r t  o f  t h e  N a t i o n ' s  s a t e l l i t e  programs and s p a c e  s c i e n c e  and a p p l i c a t i o n s  
p r o j e c t s .  

T h i s  program p r o v i d e s  f o r  t i m e l y  development of  data system c a p a b i l i t i e s  t o  meet t h e  needs  o f  f l i g h t  
The early demons t ra t ion  o f  c a p a b i l i t i e s  

h a s  a h igh  p o t e n t i a l  f o r  r educ ing  ground d a t a  system development r i s k s  and f o r  p r o v i d i n g  t i m e l y  
d e l i v e r y  o f  d a t a  t o  r e s e a r c h e r s .  

* m i s s i o n s  and major s p a c e  s c i e n c e  and a p p l i c a t i o n s  programs. 

W G E S  FROM FY 1986 BUOGET ESTIMATES 

The d e c r e a s e  o f  ).5 m i l l i o n  i n  FY 1936 reflects agency o p e r a t i n g  p l a n  a d j u s t m e n t s  p r e v i o u s l y  
i d e n t i f i e d  t o  Congress.  The r e d u c t i o n  w i l l  be accomplished by c u r t a i l i n g  " grave ya rd  s h i f t "  
ac t iv i t i e s  a t  t h e  Space and E a r t h  S c i e n c e  Computing Cen te r .  

BASIS OF FY 1987 ESTIMATE 

The FY 1987 I n f o r m a t i o n  Systems fund ing  is r e q u i r e d  t o  p r o v i d e  s u p p o r t  f o r  s p a c e  s c i e n c e  and 
a p p l i c a t i o n s  programs. Funds are r e q u i r e d  t o  c o n t i n u e  development o f  p l a n e t a r y ,  e a r t h  r e s o u r c e s ,  and 
a s t r o p h y s i c s  d a t a  systems p r o j e c t s  which are be ing  implemented a t  t h e  Je t  P r o p u l s i o n  Labora to ry ,  t h e  
Goddard Space F l i g h t  Cen te r ,  and p a r t i c i p a t i n g  academic i n s t i t u t i o n s ;  t o  c o n t i n u e  implementa t ion of 
on- l ine  d a t a  d i r e c t o r i e s  and c a t a l o g s ;  t o  o p e r a t e  t h e  l a r g e- s c a l e  computers  i n  t h e  Space and E a r t h  
S c i e n c e s  Computing Cen te r  (SESCC) and t h e  a r c h i v e s  a t  t h e  N a t i o n a l  Space  S c i e n c e  Data Cen te r  (NSSDC) 
b o t h  f a c i l i t i e s  l o c a t e d  a t  t h e  Goddard Space F l i g h t  Cen te r ;  t o  deve lop  common s o f t w a r e  t o  s u p p o r t  
ongoing r e s e a r c h  i n  t h e  space  and e a r t h  sciences; and t o  c o n t i n u e  development o f  d a t a  management and 
d a t a  a r c h i v i n g  t o  s u p p o r t  f l i g h t  p r o j e c t s ,  d i s c i p l i n e  program o f f i c e s ,  and o t h e r  NASA program 
o f f i c e s .  The FY 1987 funding levels  w i l l  a l s o  p r o v i d e  t h e  u n i v e r s i t y / r e s e a r c h  community w i t h  improved 
access t o  NASA computa t iona l  f a c i l i t i e s  and d a t a  a r c h i v e s  by expanding network communications l i n k s ,  
by i n c r e a s i n g  o n l i n e  d a t a  s t o r a g e  c a p a c i t i e s ,  and by deve lop ing  s t a n d a r d s  f o r  d a t a  and p r o t o c o l s .  
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COMMERCIAL 
PROGRAMS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FFISCAL YEAR 1987 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR COMMERCIAL PROGRAMS 

Commercial Programs -_-__ ~ 

1986 1987 ----- 
1985 Budget Cur ren t  Budget 

Ac tua l  Es t ima te  Es t ima te  Es t ima te  --- - -- 
(Thousands o f  Dol la r s7  

13,300 Technology u t i l i z a t i o n . . . . .  .................... 9,500 11,100 11,100 

Commercial use o f  space  ........................ ( 7 , 6 0 0 )  30,000 17,000 32.000 

41 100 28 ,100 - 45,300 To ta l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ---- 9,500 --- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 BUDGET ESTIMATES 

BUDGET SUlMARY 

OFFICE OF CMERCIAL PROGRAMS 

SUMMARY OF RESOURCES REQUIREMENTS 

1985 
Ac tua l  

Technology d isseminat ion .............. 5. 800 
Technology app l i ca t i ons  ............... 3. 700 

T o t a l  ........................ 9. 500 

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n  

Johnson Space Center .................. 
Kennedy Space Center .................. 
Nat i ona l  Space Tech Labora to r ies  ...... 
Goddard Space F l i g h t  Center ........... 
J e t  Propuls ion Laboratory ............. 
Ames Research Center .................. 
Langley Research Center ............... 
Lewis Research Center ................. 
Headquarters .......................... 

Marsha l l  Space F l i g h t  Center .......... 
2132 
335 
184 
185 

1. 132 
135 
106 
697 
412 

6. 112 

T o t a l  .............................. 9 500 & 

TECHNOLOGY UTILIZATION PROGRAM 

1986 
Budget Current  

Est imate Est imate 
(Thousands o f  D- 

4. 8110 4. 800 

11. 100 11 . 100 

6 .  300 6. 300 

250 
210 
390 
1U0 

1. 050 
511r 

530 
310 

2. 010 

5 .  74b 

11. 100 - 

175 
49u 
268 
300 

1. 295 
680 
155 
408 
443 

6. 866 

11. 100 

1987 
Budget Page 

Est imate Number 

7. 600 RD 11-4 
5. 700 RD 11-5 

13. 300 

30U 
415 
530 
21b 

1. 259 
345 
400 
573 

1. 007 
8 .  261 

13. 300 -. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 BUOGET ESTIMATES 

OFFICE OF CWERCIAL P R O C M S  TECHNOLOGY UTILIZATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION 

The o b j e c t i v e  o f  the NASA Technology U t i l i z a t i o n  Program i s  t o  enhance the  n a t i o n a l  economy and 
i n d u s t r i a l  p r o d u c t i v i t y  through a s e r i e s  o f  i n t e r a c t i v e  processes and mechanisms designed t o  t r a n s f e r  
aerospace technology evo l v i ng  from NASA's R&D programs t o  non-aerospace sec to rs  o f  the  U.S. economy. 
Almost every p a r t  o f  U.S. i n d u s t r y  i s  touched by t he  t r a n s f e r  process, espec ia l l y  i n  such areas as 
automation, e l ec t ron i cs ,  mater ia ls ,  and p r o d u c t i v i t y .  I n  the  p u b l i c  sector ,  medicine, r e h a b i l i t a t i o n ,  
t r anspo r ta t i on ,  and sa fe t y  are but a few o f  the  areas r e c e i v i n g  bene f i t s .  The s p e c i f i c  o b j e c t i v e s  of 
the program are: 

o Accelerate a p p l i c a t i o n  and use o f  aeronaut ics and space technology by the  U.S. p r i v a t e  sector ;  

o F a c i l i t a t e  m u l t i p l e  secondary uses and a p p l i c a t i o n  o f  NASA technology by the  p u b l i c  and p r i v a t e  
sec to rs  and academia; 

o Continue t o  improve NASA 's  technology t r a n s f e r  process; 

o Promote a p p l i c a t i o n s  o f  NASA's expe r t i se  and c a p a b i l i t i e s  t o  non-aerospace needs o f  t he  Nation. 

OBJECTIVES AND STATUS 

NASA Tech B r i e f s  i s  the Agency's p r i n c i p a l  technology announcement p u b l i c a t i o n  designed t o  promote 
and encourage the  e f f e c t i v e  secondary use o f  new aerospace advancements. Conversion o f  NASA Tech 
B r i e f s  t o  a commercial ly v iab le ,  p r i v a t e  sec to r  p u b l i c a t i o n  was accomplished on schedule w i th  the  
f i r s t  commercial i ssue  re leased i n  February 1Y85. A subsequent agreement was reached with t he  p r i v a t e  
sec to r  pub l i she r  and the  J o i n t  Committee on P r i n t i n g  i n  December 1985 f o r  con t i nua t i on  o f  a commercial 
ve rs i on  o f  t he  NASA Tech B r i e f s  j o u r n a l  f o r  t he  nex t  f i v e  years. This commerc ia l izat ion e f f o r t  (a)  
a l lows  t he  cont inued f r e e  d i s t r i b u t i o n  o f  t h i s  q u a r t e r l y  j o u r n a l  t o  cu r ren t  subscr ibers (100,0011 
s c i e n t i s t s ,  engineers and business representa t i ves  i n  U.S. i ndus t r y ) ,  and (b )  p rov ides  f o r  c i r c u l a t i o n  
growth t o  meet the demand throughout i ndus t r y ,  which i s  est imated a t  two t o  t h ree  t imes the  present  
readership.  
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Thousands o f  U.S. i n d u s t r i a l  firms are be ing  provided computer ized access t o  NASA i n f o r m a t i o n  
th rough  t h e  NASA-sponsored d i s s e m i n a t i o n  c e n t e r  network. Technology transfer services growing o u t  of 
t h i s  i n f o r m a t i o n  access have focused a wide array of t e c h n o l o g i e s  on t e c h n o l o g i c a l  problems s p e c i f i e d  
by i n d u s t r i a l  c l i e n t s .  These f i r m s ,  e s p e c i a l l y  t h o s e  i n  t h e  i n d u s t r i a l  manufactur ing and r e s e a r c h  
s e c t o r s ,  have found d i s s e m i n a t i o n  c e n t e r  i n f o r m a t i o n  and technology t r a n s f e r  services t o  be b e n e f i c i a l  
i n  t h e  development of  new or improved p r o d u c t s  or p r o c e s s e s .  COSMIC,  t h e  NASA-supported c e n t e r  f o r  
computer ized s o f t w a r e  d i s s e m i n a t i o n ,  r e a l i z e d  s i g n i f i c a n t  growth i n  sales  and lease o f  NASA-developed 
computer programs f o r  i n d u s t r i a l  use. Overall, t h e  e n t i r e  predominant ly  u n i v e r s i t y- b a s e d  
d i s s e m i n a t i o n  network r e c e i v e d  approx imate ly  $7 m i l l i o n  from i n d u s t r y  l a s t  year f o r  i n f o r m a t i o n  
p r o d u c t s  and technology t r a n s f e r  services, underscor ing  t h e  c o n t i n u e d  i n t e r e s t  and importance  which 
t h i s  a c t i v i t y  h a s  th roughout  i n d u s t r y .  

I n  a p p l i c a t i o n s  e n g i n e e r i n g ,  emphasis d u r i n g  1986 c o n t i n u e s  t o  be c o n c e n t r a t e d  on deve lop ing  new 
o p o r t u n i t i e s  i n  automat ion,  e l e c t r o n i c s  and materials technology,  and s o l i d i f y i n g  ongoing p r o j e c t s  and 
s t u d i e s  i n  t h e  a l l i e d  medical f i e l d s  ( b i o e n g i n e e r i n g  and r e h a b i l i t a t i o n ) .  The development o f  t h e  
Programmable Implan tab le  Medica t ion  System was a c c e l e r a t e d  as  Siemens I n d u s t r i e s  purchased Pacesetter, 
Inc .  and t h e  FDA approved human t r ia l s  f o r  morphine and i n s u l i n .  During t h e  same p e r i o d  I N T E C ,  t h e  
manufac tu re r  o f  t h e  i m p l a n t a b l e  d e f i b r i l l a t o r ,  was purchased by C a r d i a c  Pacers, Inc .  (CPI).  The FDA 
h a s  g iven  C P I  t h e  a u t h o r i t y  t o  commercia l ize  t h i s  l i f e  s a v i n g  device .  CPI  is committed t o  accelerate 
,the marke t ing  of  t h e  d e v i c e  and development o f  t h e  n e x t  g e n e r a t i o n  o f  d e f i b r i l l a t o r s .  There  are over  
8UU o f  t h e s e  devices c u r r e n t l y  implanted i n  humans. I n  t h e  au tomat ion ,  e l e c t r o n i c s  and materials 
area, t h r e e  new p r o j e c t s  i n  materials technology were s t a r t e d  a t  t h e  Lewis Research Cen te r .  Each 
p r o j e c t  h a s  a major manufac tu re r  invo lved .  Two f e a s i b i l i t y  s t u d i e s  i n  e l e c t r o n i c s  and au tomat ion  were 
s u c c e s s f u l l y  completed and t h e  n e x t  phase  of  e n g i n e e r i n g  development i n t i a t e d .  A d d i t i o n a l l y ,  a 
materials p r o j e c t  des igned  t o  measure r e s i d u a l  stress i n  s tee l  components wi thou t  having a c a l i b r a t i o n  
s t a n d a r d  was t r a n s f e r r e d  to  t h e  U.S. i n d u s t r y .  T h e  N a t i o n a l  Space  Technology L a b o r a t o r i e s  a q u a c u l t u r e  
treatment t e c h n i q u e s  t o  c o n v e r t  raw sewage t o  d r i n k i n g  water is a l l  b u t  complete  as a p i l o t  p r o j e c t  
w i t h  F e d e r a l  and s t a t e  s u p p o r t  i n  t h e  c i t y  of  San Diego, C a l i f o r n i a .  The L i b r a r y  of  Congress and NASA 
j o i n t l y  agreed  on p r e l i m i n a r y  s p e c i f i c a t i o n s  f o r  a book d e a c i d i f i c a t i o n  f a c i l i t y  a t  F o r t  Detrick, 
Maryland. 
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BASIS FOR FY 1987 ESTIMATE 

1986 19&7 
1985 Budget Current Budget 

Actual Estimate Estimate Estimate 
.-ds of  D o l l a r s )  

Technology dissemination.............. 5,800 6 ,300  6,300 7,600 

OBJECTIVES AND STATUS 

I n  FY 1987, NASA w i l l  c o n t i n u e  t o  enhance,  r e s t r u c t u r e ,  and r e f i n e  NASA techno logy  d i s s e m i n a t i o n  
systems c a p a b i l i t i e s  and t e c h n i q u e s  t o  h e i g h t e n  relevance and p o t e n t i a l  a p p l i c a b i l i t y  of  a v a i l a b l e  
t e c h n o l o g i e s  f o r  i n d u s t r i a l  user needs ,  and p r o v i d e  t e c h n i c a l  i n f o r m a t i o n  and technology t r a n s f e r  
services t o  expanded u s e r  marke t s  i n  t h e  U.S. Technology d i s s e m i n a t i o n  e f f o r t s  w i l l  be coupled w i t h  
a c t i v i t i e s ,  where p o s s i b l e ,  o f  s t a t e- s u p p o r t e d  economic and i n d u s t r i a l  development programs t o  serve 
broader  i n d u s t r i a l  markets na t ionwide ,  w i t h  p a r t i c u l a r  emphasis on small and medium s i z e  manufac tu r ing  
and h i g h  technology b u s i n e s s  firms. Enhancements i n  t h e  NASA d i s s e m i n a t i o n  systems w i l l  c o n t i n u e  by 
expanding t h e  use  o f  remote i n t e r a c t i v e  and h igh  speed d a t a  b a s e  s e a r c h  methods. Moreover, s e l e c t e d  
computer i n t e r f a c e  improvements w i l l  be exp lo red .  I n c r e a s e d  use of  te lecommunicat ions  w i l l  a l s o  be 
pursued t o  p r o v i d e  r a p i d  and e f f e c t i v e  d e l i v e r y  o f  t e c h n o l o g i e s  t o  meet t h e  c r i t i c a l  needs  o f  U.S. 
i n d u s t r i a l  f i r m s  engaged i n  a wide range  o f  s c i e n t i f i c ,  e n g i n e e r i n g ,  manufac tu r ing ,  and commercial 
p u r s u i t s .  Market p l a n n i n g  s t r a t e g i e s  w i l l  
be  pursued f o r  emerging a e r o s p a c e  t e c h n o l o g i e s ,  t h u s  enhancing NASA's a b i l i t y  t o  accelerate t h e  f low 
o f  r e s e a r c h  and development r e s u l t s  t o  -- and t h e i r  e f f e c t i v e  u s e  i n  -- t h e  U.S. i n d u s t r i a l  
marke tp lace .  A d d i t i o n a l l y ,  s p e c i a l  emphasis w i l l  be p laced  on p r o v i d i n g  b roader  c o o r d i n a t i o n  and 
s u p p o r t  t o  NASA's I n d u s t r i a l  A p p l i c a t i o n  Cen te r  network th rough  access t o  NASA l a b o r a t o r y  e x p e r t i s e  
engaged i n  ongoing r e s e a r c h  and development ac t iv i t i e s  t h a t  have a d i r e c t  b e a r i n g  on t h e  nonaerospace  
i n d u s t r i a l  s e c t o r ' s  technology needs. These c o o r d i n a t i o n  and s u p p o r t  ac t iv i t i e s  w i l l  i n c l u d e  a n  
expans ion  o f  t h e  NASA Technology Counselor  network as  well as  e s t a b l i s h m e n t  o f  a Technology T r a n s f e r  
I n s t i t u t e .  T h i s  e f f o r t  w i l l  enhance t h e  computer ized systems i n t e r f a c e s  w i t h  technology d a t a b a s e s  and 
h e i g h t e n  cost e f f e c t i v e n e s s  and e f f i c i e n c y  th roughout  t h e  na t ionwide  network. 

I n d u s t r i a l  p r o f i l e  a n a l y s e s  w i l l  c o n t i n u e  t o  be conducted.  
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1986 1967 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
flhousands o f  D- 

Technology applications............... 3,700 4,800 4,800 5,700 

BBXCTIVES AND STATUS 

The Technology App l i ca t i ons  Program i s  designed t o  respond t o  a n a t i o n a l  " p u l l "  f o r  technology t h a t  
i s  needed by U.S. i ndus t r y ,  s t a t e  or f e d e r a l  government i n  order  t o  meet the  s p e c i f i c  ob jec t i ves  of 
t he  user. Goals a re  def ined i n  terms of enhancing the  q u a l i t y  o f  l i f e ,  i nc reas ing  the  m a r k e t a b i l i t y  
o f  U.S. i n d u s t r y  and u t i l i z a t i o n  o f  a n a t i o n a l  resource. This i s  accomplished by the  t r a n s f e r  o f  new 
technology and i n fo rma t ion  r e s u l t i n g  from NASA RAD e f f o r t s  t o  the  non-aerospace segment o f  t he  
economy. The main t h r u s t s  o f  t he  technology t r a n s f e r  e f f o r t  w i l l  be i n  automation, e lec t ron i cs ,  
mater ia ls ,  b ioeng ineer ing  and r e h a b i l i t a t i o n .  

A d d i t i o n a l l y ,  i n  FY 1987, NASA w i l l  cont inue i t s  e f f o r t s  t o  reengineer,  adapt, or  otherwise apply 
e x i s t i n g  aerospace technologies and c a p a b i l i t i e s  t o  problem areas o f  n a t i o n a l  s i g n i f i c a n c e  i n  bo th  the  
p u b l i c  and p r i v a t e  sec tors  o f  the economy. I n  the  p u b l i c  sector ,  s p e c i a l  emphasis w i l l  be p laced on 
enhancing and expanding technology a p p l i c a t i o n s  a c t i v i t i e s  and p r o j e c t s  t o  meet needs i d e n t i f i e d  i n  
b iomedical  and r e h a b i l i t a t i o n  areas. This  w i l l  be done i n  con junc t ion  w i t h  user agencies such as the  
N a t i o n a l  I n s t i t u t e s  o f  Health, the  Veterans Admin is t ra t ion ,  and o ther  o rgan iza t ions  concerned with the  
e l d e r l y ,  d isab led  and the handicapped. These areas o f  increased emphasis i n  FY 1987 w i l l  augment 
con t i nu ing  technology a p p l i c a t i o n s  program a c t i v i t i e s  i n  o ther  areas o f  p u b l i c  and human concern, such 
as p u b l i c  sa fe ty ,  t r a n s p o r t a t i o n  and the environment. 

With regard t o  the  p r i v a t e  sec tor  and i t s  i n d u s t r i a l  e n t i t i e s ,  a p p l i c a t i o n s  engineer ing a c t i v i t i e s  
w i l l  be pursued d i r e c t l y  w i t h  them t o  determine t h e i r  l ong  range requirements and needs and determine 
how NASA's aeronaut ics and space technologies can be app l i ed  t o  so lve  r e c u r r i n g  ope ra t i ona l  
problems. Spec ia l  emphasis w i l l  be d i r e c t e d  t o  the involvement o f  a p p l i c a t i o n s  p r o j e c t s  e s s e n t i a l  t o  
development of new products and processes t o  r e v i t a l i z e  i n d u s t r i e s  c r i t i c a l  t o  the  U.S. economy's 
research and development and manufacturing sectors, i n  a d d i t i o n  t o  reshaping p r o d u c t i v i t y  c a p a b i l i t i e s  
o f  i n d u s t r i e s  threatened by f o r e i g n  competi t ion. Important  t o  t h i s  undertak ing w i l l  be t h e  
development o f  p roac t i ve  r e l a t i o n s h i p s  w i t h  the  U.S. p r i v a t e  sec to r  i n  a l l  aspects o f  i n d u s t r i a l  
a c t i v i t i e s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUXET ! I M A R Y  

OFFICE OF CWERCIAL PROGRAMS COMMERCIAL USE OF SPACE PROGRAM 

W A R Y  O f  RESOURCES REQUIREMENTS 

1986 1987 
1985 Budget Cur r e n t  Budget Page 

Ac tua l  Est imate Est imate Est imate Number 
<Thousands o f  D m  

Commercial App l i ca t ions  R&D.......... ( 6,350 28,50U 15,500 30,100 RD 12-3 
Commercial Development Support. ...... (1,250) 1,500 1,500 1,901r RD 12-4 

Total.............................. (7,600) 30,000 17, UOO 32,000 

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n  

Johnson Space Center................. 
Kennedy Space Center................. 
Ma rsha l l  Space F l i g h t  Center......... 
Na t i ona l  Space Technology Labora to r ies  
Goddard Space F l i g h t  Center.......... 
Jet Propu ls ion  Laboratory ............ 
Ames Research Center................. 
Langley Research Center.............. 
Lewis Research Center................ 
Headquarters.. ....................... 

1,600 
1,500 
6,200 

40u 
800 
700 
900 

3 , 6 h  

12,30U 
2 ,  ti00 

600 
2CJ0 

4,000 
2GO 
450 
50 

400 
1,300 
1,800 
8, 00cl 

1,600 
1,500 
6,200 

400 
800 
7C10 
90u 

3,600 

14,30lj 
2,000 

Total.............................. ( 7,600 30,000 17,000 32,000 

RD 12-1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

OFFICE OF CDMHERCIAL PROGRAMS COWERCIAL USE OF SPACE PROGRAM 

P R W W  OB3ECTIVES AND JUSTIFICATION 

The o b j e c t i v e  o f  t h e  commercial use  o f  s p a c e  program is t o  i n c r e a s e  p r i v a t e  sector awareness  o f  
space  o p p o r t u n i t i e s  and encourage i n c r e a s e d  i n d u s t r y  inves tment  and p a r t i c i p a t i o n  i n  h igh technology,  
space- based r e s e a r c h  and development. Expansion of  t h e  l e v e l  o f  p r i v a t e  s e c t o r  inves tment  i n  
commercial s p a c e  ac t iv i t ies  w i l l  h e l p  t h e  U.S. t o  r e t a i n  its l e a d e r s h i p  i n  s c i e n c e  and technology and 
accrue a s s o c i a t e d  b e n e f i t s  t o  our n a t i o n .  T h i s  program w i l l  be b u i l t  on s h u t t l e  and r e l a t e d  space- 
based o p e r a t i o n a l  c a p a b i l i t i e s .  The program is r e s p o n s i v e  t o  t h e  P r e s i d e n t ' s  n a t i o n a l  s p a c e  s t r a t e g y  
and n a t i o n a l  p o l i c y  on t h e  commercial use of  s p a c e ,  bo th  o f  which direct NASA t o  expand p r i v a t e  s e c t o r  
inves tment  and involvement i n  s p a c e  a c t i v i t i e s .  

CHANGES FRW FY 1986 EUIM;ET ESTIMATE 

The commercial use o f  s p a c e  program was reduced $13.0 m i l l i o n  by Congress iona l  d i r e c t i o n .  T h i s  
r e d u c t i o n  was made i n  commercial a p p l i c a t i o n s  r e s e a r c h  and development and w i l l  be accomodated by 
reduc ing  t h e  rate  o f  e s t a b l i s h m e n t  o f  new C e n t e r s  f o r  t h e  commercial development of  s p a c e  and 
development o f  s u p p o r t i n g  r e s e a r c h  equipment. 

OBJECTIVES AND STATUS 

The g o a l  of  t h e  commercial use  o f  s p a c e  program is t o  p r o v i d e  a n a t i o n a l  f o c u s  i n  s u p p o r t  of  t h e  
expansion o f  U.S. p r i v a t e  s e c t o r  inves tment  and involvement  i n  c i v i l  s p a c e  a c t i v i t i e s ,  w h i l e  
emphasiz ing new h i g h  technology commercial  space  v e n t u r e s  and promoting t h e  development o f  new marke t s  
f o r  t h e  s p a c e  t r a n s p o r t a t i o n  system (STS) and o t h e r  NASA space  services. The s p e c i f i c  o b j e c t i v e s  o f  
t h e  program are to :  

- E s t a b l i s h  c l o s e  working r e l a t i o n s  w i t h  t h e  p r i v a t e  s e c t o r  and academia t o  encourage inves tment  i n  
space  technology and t h e  use o f  t h e  -- i n  s i t u  a t t r i b u t e s  o f  s p a c e  - vacuum, m i c r o g r a v i t y  and 
r a d i a t i o n  - f o r  commercial purposes .  

- Faci l i ta te  p r i v a t e  s e c t o r  s p a c e  ac t iv i t i e s  th rough  improved access t o  a v a i l a b l e  NASA c a p a b i l i t i e s .  
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- Encourage an i n c r e a s e  i n  p r i v a t e  s e c t o r  inves tment  i n  t h e  commercial use o f  s p a c e  independen t  of 
NASA fund ing  . 

- Develop a n a t i o n a l  commercial s p a c e  p o l i c y  and p r o v i d e  f o r  NASA-wide implementa t ion.  

FY 1986 a c t i v i t i e s  i n c l u d e  t h e  implementa t ion of t h e  n a t i o n a l  p o l i c y  on t h e  commercial u s e  of s p a c e ,  
t h e  main ta inance  o f  an  o r g a n i z a t i o n a l  f o c a l  p o i n t  f o r  commercial programs a t  NASA, and t h e  i n i t i a t i o n  
o f  e f f o r t s  s p e c i f i c a l l y  i n t e n d e d  t o  f o s t e r  commercial use o f  and access t o  space .  These s p e c i f i c  
e f f o r t s  i n c l u d e  t h e  e s t a b l i s h m e n t  o f  a d d i t i o n a l  c e n t e r s  f o r  t h e  commercial development o f  s p a c e  
(CCDS) , i n c r e a s i n g  a c c e s s i b i l i t y  t o  NASA f ac i l i t i e s  and equipment,  small focused r e s e a r c h  e f f o r t s  on 
p r o c e s s e s  having commercial p o t e n t i a l ,  and t h e  i n c o r p o r a t i o n  o f  o t h e r  f u n c t i o n s  des igned  t o  f a c i l i t a t e  
p r i v a t e  s e c t o r  u t i l i z a t i o n  o f  s p a c e  f o r  commercial  v e n t u r e s .  

BASIS FOR FY 1987 ESTIMATE 

1986 1907 
Budget C u r r e n t  Budget 1985 

A c t u a l  Estimate Estimate Estimate 
m d s  o f  D o l l a r s )  

Commercial A p p l i c a t i o n s  R&D........... (6 ,350)  28,500 15,500 30,100 

FY 1987 a c t i v i t i e s  w i l l  p r o v i d e  a c o n t i n u a t i o n  and some enhancement of t h e  FY 1986 program 
i n i t i a t i v e s .  These e f f o r t s  are des igned  t o  encourage s i g n i f i c a n t  p r i v a t e  inves tment  i n  commercial  
e n t e r p r i s e s  t h a t  take advantage o f  t h e  unique c h a r a c t e r i s t i c s  o f  s p a c e ,  such  as  hard  vaccum and 
m i c r o g r a v i t y .  

I n  FY 1907, t h e  t h i r d  round of  CCDS s e l e c t i o n s  w i l l  occur ,  which w i l l  complete  t h e  c o n s t e l l a t i o n  o f  
c e n t e r s  a t  around f i f t e e n  t o  e i g h t e e n .  These c o n s o r t i a  o f  i n d u s t r y ,  academia and non-NASA government 
p a r t i c i p a n t s  are expec ted  t o  e f f e c t i v e l y  encourage t h e  development o f  h igh  t echno logy  s p a c e- r e l a t e d  
r e s e a r c h  having d i r e c t  commercial i n t e r e s t  and a p p l i c a t i o n .  FY 1987 w i l l  a l s o  see a number of 
p r o j e c t s  begun i n  FY 19&5/86 move i n t o  f i n a l  assembly s t a g e s  or  complet ion.  I n  p a r t i c u l a r ,  t h e  
middeck g a l l e y  rack w i l l  f l y  i n  FY 1987, c a r r y i n g  as its f i r s t  payload t h e  exper iment  of a U.S. 
company p a r t i c i p a t i n g  i n  commercia l ly- or iented r e s e a r c h  th rough  a NASA/industry j o i n t  endeavor  
agreement.  I n  a d d i t i o n ,  t h e  p r o t e i n  crystal  growth system, b u i l d i n g  upon and expanding t h e  c a p a b i l i t y  
o f  c u r r e n t  rudimentary  s y s t e m s ,  w i l l  g r e a t l y  i n c r e a s e  t h e  number and t y p e  o f  p r o t e i n  crystals  which 
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can be produced on a s i n g l e  STS miss ion.  The p r o d u c t i o n  of  these c rys ta l s  i n  s u f f i c i e n t  q u a l i t y  and 
s ize  is a c r u c i a l  s t e p  i n  drug d e s i g n ,  enzyme e n g i n e e r i n g ,  molecu la r  computing development,  and bio-  
c h i p  e n g i n e e r i n g .  

J o i n t  endeavor  and o t h e r  s p a c e  act agreement a c t i v i t i e s  are expec ted  t o  s u b s t a n t i a l l y  i n c r e a s e  as 
t h e  CCDS move forward i n  t h e i r  r e s e a r c h  a c t i v i t i e s  and as  companies f u r t h e r  d e f i n e  t h e i r  r e s e a r c h  
i n t e r e s t s  and programs. A s  o f  January  1986,  NASA h a s  execu ted  65 s p a c e  act agreements  w i t h  U.S. 
companies, o f  which 52 are research r e l a t e d  ( j o i n t  endeavor agreements ,  t e c h n i c a l  endeavor agreements ,  
and i n d u s t r y  g u e s t  i n v e s t i g a t o r s ) ,  n i n e  are commercial hardware re la ted,  and two r e p r e s e n t  
d i v e r s t i t u r e s  of  government programs (expendab le  l aunch  v e h i c l e s ) .  

Commercial Development Suppor t .  ....... (1 ,250)  1 , 500 1 ,500 1,90G 

These e f f o r t s  w i l l  endeavor t o  i n c r e a s e  t h e  awareness  o f  s p a c e  as a p o t e n t i a l l y  a t t rac t ive  
environment  f o r  commercial development. Through s t u d i e s ,  s u r v e y s  and o u t r e a c h  e f f o r t s ,  U.S. i n d u s t r y  
p a r t i c u l a r l y  t h e  non- aerospace sector, w i l l  be informed o f  and a c q u a i n t e d  wi th  t h e  o p p o r t u n i t i e s  t o  
work w i t h  NASA i n  space .  FY 19117 w i l l  see t h e  complete  c o n s o l i d a t i o n  o f  a l l  NASA user development 
ac t iv i t ies .  These e f f o r t s  are a s s o c i a t e d  w i t h  i d e n t i f y i n g  and deve lop ing  working p a r t n e r s h i p s  w i t h  
U.S. firms t h a t  w i l l  allow t h e s e  firms t o  assess whether  t h e r e  are p r o f i t a b l e  p r o d u c t- r e l a t e d  
o p p o r t u n i t i e s  enab led  th rough  space- based R&D. An i n t e r a c t i v e  network of  a l l  p a r t i c i p a n t s  invo lved  i n  
user development w i l l  be i n  o p e r a t i o n  t o g e t h e r  wi th  a r e p o r t i n g  system which shou ld  minimize user 
c o s t s  and d u p l i c a t i o n  whi le  maximizing t h e  effect ive a p p l i c a t i o n  o f  e x i s t i n g  NASA p e r s o n n e l  and 
f i n a n c i a l  r e s o u r c e s .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FFISCAL YEAR 1987 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR AERONAUTICS AND SPACE TECHNOLOGY 

1986 1987 
Budget 1985 Budget Current  

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  

354,000 354,000 376,000 Aeronaut ica l  research and technology........ ... 342,400 

Transatmospheric research and technology ....... --- _-- -a- 45, 000 

Space research and technology..... ............. 150,UOO 16b, 000 168,000 180,200 

Total..................................... 492,400 522, ll00 522,000 6O1,200 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

S U W R Y  OF RESOURCES REQUIREMENTS 

1585 
Ac tua l  

Research and technology base........... 223,298 
Systems technology programs.......... .. 119,102 

Total................................ 2- 342 400 -- 

D i s t r i b u t i o n  o f  Proqram - Amountby - I n s t a l l a t i o n  ---- 

Johnson Space Center................... 1,055 

J e t  Propu ls ion  Laboratory  .............. 188 
Goddard Space F l i g h t  Center.,.......... 290 
Ames Research Center................... 132,933 
Langley Research Center................ 116,430 
Lewis Research Center.................. 84,903 ........................... 5,652 

Marsha l l  Space F l i g h t  Center........... 949 

Headquarters -- 

Total................................ 342,400 __ 
--I 

19 86 
Budget Cur ren t  

Est imate Est imate 
( i i % o E d  s o f D o l l a r s )  

239,300 240,300 
113,700 114,700 ~- 

1,000 
1,000 

200 
300 

146,ZOG 
lCil,30U 

97,800 
6,200 --- 

1,100 
1 ,100  
200 
300 

150,100 
101,400 

93,100 
6 7tiO -L 

354 000 354,000 2-- ---- 

1987 
Budget Page 

Est imate Number 

272,  900 Ri) 13-6 
103,100 RD 13-38 

376,  00G -- 
I_--- 

1,100 
1,100 
200 
30U 

165,600 
118,400 

82,600 
6 700 

376 UGO -,-- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

PROGRAM --- OBJECTIVES AND JUSTIFICATION 

The o b j e c t i v e  o f  the  ae ronau t i ca l  research and technology program i s  t o  conduct an e f f e c t i v e  and 
p roduc t i ve  program t h a t  c o n t r i b u t e s  m a t e r i a l l y  t o  the  endur ing preeminence o f  U.S. c i v i l  and m i l i t a r y  
a v i a t i o n  by: (1) conduct ing d i s c i p l i n a r y  and systems research a t  the  l ead ing  edge o f  technology i n  
those areas c r i t i c a l  t o  the  cont inued s u p e r i o r i t y  o f  U.S. a i r c r a f t ;  ( 2 )  ma in ta in ing  the research 
centers  i n  p o s i t i o n s  o f  excel lence i n  f a c i l i t i e s  and t e c h n i c a l  s t a f f ;  (3 )  assur ing  t i m e l y  t r a n s f e r  o f  
research r e s u l t s  t o  the U.S. ae ronau t i ca l  i n d u s t r y ;  ( 4 )  assur ing  approp r ia te  involvement o f  
u n i v e r s i t i e s  and i n d u s t r y ;  and ( 5 )  p r o v i d i n g  ae ronau t i ca l  development support  t o  o ther  government 
agencies and U .S. i n d u s t r y .  A d d i t i o n a l  emphasis has been g i ven  t o  emerging techno log ies  wi th 
p o t e n t i a l  f o r  order-of-magnitude advances i n  c a p a b i l i t y  or performance. The far- term focus o f  the 
program prov ides r e s u l t s  w e l l  i n  advance o f  s p e c i f i c  a p p l i c a t i o n s  and prov ides long- term, independent 
research and technology which i s  n o t  d r i v e n  by the  development and opera t iona l  pressures d f t e n  
encountered by the Department o f  Defense (DOD) and i n d u s t r y .  Both  fundamental research i n  the  
a e r o n a u t i c a l  d i s c i p l i n e s  and systems research d i r e c t e d  a t  i n t e r a c t i o n  among d i s c i p l i n e s ,  components, 
and subsystems app l i cab le  t o  genera l  c lasses o f  advanced a i r c r a f t  a re  inc luded.  The program i n v o l v e s  
p a r t i c i p a t i o n  by ae ronau t i ca l  manufacturers from the i n d u s t r i a l  base t o  ensure t h a t  the  technology i s  
compat ib le with p r a c t i c a l  design cons ide ra t ions  and t o  e f f e c t  a r a p i d  t r a n s f e r  i n t o  super io r  m i l i t a r y  
and c i v i l  a i r c r a f t .  

CHANGES FROM FY 1986 BUDGET ESTIMATE 
_I-_____- 

The ae ronau t i ca l  research and technology program r e f l e c t s  no change i n  t o t a l  fund ing from the 
o r i g i n a l  budget request; however, t he  FY 1986 program has been ad jus ted  t o  accommodate a u t h o r i z a t i o n  
a c t i o n  i n  the  aeronaut ics  program. Funding f o r  the  research and technology base i s  increased by $1.0 
m i l l i o n  by r e a l l o c a t i o n  from h i g h  performance a i r c r a f t  systems technology/obl ique wing technology. I n  
a d d i t i o n ,  t he re  are r e a l l o c a t i o n s  as a r e s u l t  o f  seve ra l  a c t i o n s  taken wi th in  the  research and 
technology base. The a l t i t u d e  wind tunne l  e f f o r t  i s  reduced by $2.0 m i l l i o n  and the  a c t i v i t i e s  w i l l  
be brought  t o  a l o g i c a l  conc lus ion i n  FY 1986. The s p e c i f i c  recommendation i n  the  FY 1986 
a u t h o r i z a t i o n  conference r e p o r t  t o  reduce research e f f o r t s  i n  wind tunne l  adapt ive  w a l l  and model 
magnetic suspension have been accommodated. R o t o r c r a f t  research and technology has been mainta ined a t  
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the  FY 1965 l e v e l  o f  a c t i v i t y .  The fund ing f o r  high-speed aeronaut ics/hypersonics has been increasea 
by $5.7 m i l l i o n  t o  focus a d d i t i o n a l  e f f o r t  i n  c r i t i c a l  technologies.  Systems technology programs are 
reduced because $1.0 m i l l i o n  o f  the fund ing f o r  ob l i que  wing technology has been r e a l l o c a t e d  t o  the  
research and technology base, cons i s t en t  wi th  t he  a u t h o r i z a t i o n  act ion.  

BASIS OF FY 1987 FUNDING ESTIMATE 

The FY 1987 est imate i s  based on an increased e f f o r t  t o  aggress ive ly  pursue the  h ighes t  payo f f  
technolog ies  with p o t e n t i a l  f o r  order-of-magnitude advances i n  c a p a b i l i t y  or performance. A unique 
oppo r t un i t y  i n  high-speed f l i g h t  i s  focus ing s u b s t a n t i a l l y  increased emphasis i n  gener ic  hypersonic 
technolog ies  suppor t ing  t he  t ransatmospher ic research and technology program f o r  a p o t e n t i a l  f u t u r e  
aerospace plane. Subsonic t r anspo r t  and r o t o r c r a f t  needs are addressed p r i m a r i l y  through fundamental 
research aimed a t  t h e  c r i t i c a l  technology areas. Key high-performance a i r c r a f t  technology e f f o r t s  are 
accelerated,  and a sma l l  e f f o r t  i n  supersonic c r u i s e  technology i s  be ing maintained. The est imate 
a l so  r e f l e c t s  t he  need t o  cont inue impor tan t  e f f o r t s  i n  t he  fundamental ae ronau t i ca l  d i s c i p l i n e s  and 
systems research and t o  support  spec ia l i zed  f a c i l i t i e s  e s s e n t i a l  t o  aeronaut ics . research.  

The base research and technology program inc ludes  gener ic  research which i s  b road ly  app l i cab le  t o  
a l l  c lasses o f  a i r c r a f t  (genera l  aviat ion/commuter , t ranspo r t ,  r o t o r c r a f t ,  supersonic c ru i se ,  
f i gh te r / a t t ack ,  and hypersonic)  and focused research which i s  s p e c i f i c  t o  one c l a s s  o f  a i r c r a f t .  
Systems technology programs are more focused i n  a p p l i c a t i o n s  and/or have the  c h a r a c t e r i s t i c s  o f  
s p e c i f i c  p ro j ec t s ,  i.e., advanced turboprop, X-wing, and ob l ique  wing. Funding for t he  t e c h n i c a l  
opera t ions  o f  wind tunnels,  p ropu l s i on  f a c i l i t i e s ,  computat ional  f a c i l i t i e s ,  s imula tors ,  and f l i g h t  
research operat ions i s  covered i n  t h e  most appropr ia te  d i s c i p l i n e  elements o f  the  research and 
technology base. I n  FY 19b7 research and technology base fund ing w i l l  support  the  opera t ing  cos t  f o r  
t he  numer ica l  aerodynamic s imu la t i on  (NAS) program, and systems technology fund ing covers the  f i n a l  
NASA commitment t o  the  X-wing program. A b r i e f  summary o f  some o f  t he  major t h r u s t s  f o r  bo th  the  
research and technology base and systems technology programs fo l lows.  

I n  f l u i d  and thermal  phys ics  research, s t r ong  emphasis w i l l  cont inue on three- dimensional  
computat iona l  f l u i d  dynamics (CFD) methods t h a t  w i l l  increase t h e  speed and e f f i c i e n c y  o f  f l ow so l ve r s  
by two o rders  o f  magnitude and on nove l  techniques and devices t o  reduce a i r c r a f t  drag by up t o  6U 
percent. Benchmark experiments f o r  CFD code v a l i d a t i o n  and turbu lence modeling w i l l  be strengthened. 

Appl ied aerodynamics research e f f o r t s  i n  h i g h  ang le- of- at tack aerodynamics w i l l  i n c l ude  wind t unne l  
and f l i g h t  eva lua t ions  t o  improve the  understanding o f  performance i n  bo th  the  low- and high-speed 
f l i g h t  regimes and t o  c o r r e l a t e  w i t h  p red i c t i ons .  Research e f f o r t s  i n  t e s t  techniques w i l l  address 
l a s e r  ho lograph ics  and non in t r us i ve  measurement techniques which w i l l  p rov ide  an order-of-magnitude 
improvement i n  t e s t  accuracy. 
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I n  p r o p u l s i o n  and power r e s e a r c h ,  c o n t i n u e d  a t t e n t i o n  w i l l  be g iven t o  t h e  t e c h n o l o g i e s  f o r  small 
e n g i n e s  which w i l l  e n a b l e  up t o  50- percent  improvement i n  fuel  e f f i c i e n c y .  I n t e r n a l  computa t iona l  
f l u i d  mechanics e f f o r t s  w i l l  address t h e  p h y s i c a l  modeling of  complex i n t e r n a l  f lows  and t h e  
v a l i d a t i o n  of codes  as p a r t  o f  t h e  g o a l  t o  r educe  c a l c u l a t i o n  times by an o r d e r  o f  magnitude. 
S u p e r s o n i c  combustion ramjet ( s c r a m j e t )  and combined cycle eng ine  r e s e a r c h  w i l l  be  s t r e n g t h e n e d  t o  
a d d r e s s  t h e  t e c h n o l o g i e s  c r i t i c a l  t o  t h e  f l i g h t  of high- speed v e h i c l e s  from t a k e o f f  t o  o r b i t a l  speeds .  

Materials and structures r e s e a r c h  w i l l  i n c r e a s e  i n  t h e  area o f  composi te  materials, which can 
p rov ide  up t o  a 50- percent  weight  s a v i n g s  f o r  f u t u r e  a ircraf t .  I n i t i a l  e f f o r t s  w i l l  f o c u s  on 
t h e r m o p l a s t i c s  and ceramic- matr ix  composi te  materials, as well as s t ructural  c o n c e p t s  e x p l o i t i n g  t h e i r  
a n i s o t r o p i c  p r o p e r t i e s .  Research emphasis w i l l  a l s o  be i n c r e a s e d  i n  h igh- temperature  materials and 
structures and t h e r m a l- b a r r i e r  c o a t i n g s  w i t h  h igh- erosion r e s i s t a n c e .  A focused  e f f o r t  w i l l  be  
i n i t i a t e d  i n  r o t o r c r a f t  a i r l o a d s  t o  c o r r e l a t e  n o i s e  and v i b r a t i o n  p r e d i c t i o n s  as p a r t  o f  t h e  g o a l  t o  
r educe  n o i s e  and v i b r a t i o n  by &CJ p e r c e n t .  

In fo rmat ion  s c i e n c e  r e s e a r c h  w i l l  c o n t i n u e  t o  focus  on f l i g h t - c r u c i a l  s o f t w a r e  and c o n c u r r e n t  
p r o c e s s i n g  t o  p r o v i d e  an  order- of-magnitude improvement o f  e f f i c i e n c y  and r e l i a b i l i t y .  C o n t r o l s  and 
gu idance  and human f a c t o r s  r e s e a r c h  w i l l  f o c u s  on t h e  a p p l i c a t i o n  o f  a r t i f i c i a l  i n t e l l i g e n c e  
technology t o  enhance t h e  o p e r a t i o n s  o f  f u t u r e  a i rcraf t .  I n c r e a s e d  emphasis w i l l  be p l a c e d  on 
c o n t r o l s  r e s e a r c h  f o r  h i g h l y  maneuverable aircraft.  Human f a c t o r s  r e s e a r c h  w i l l  c o n t i n u e  t o  a d d r e s s  
t h e  c r i t i c a l  man-machine i n t e r f a c e  i s s u e s  which affect  t h e  safety and o p e r a t i o n a l  l i m i t a t i o n s  o f  
a i r c ra f t .  

F l i g h t  systems r e s e a r c h  w i l l  p r o v i d e  f o c u s  on h i g h l y  maneuverable a i rcraf t  c a p a b l e  o f  h i g h  angle-of-  
a t t a c k  o p e r a t i o n  a t  low speeds ,  high- speed m a n e u v e r a b i l i t y ,  and s h o r t  t a k e o f f  and vertical l and ing .  
A n a l y t i c a l  and e x p e r i m e n t a l  i n v e s t i g a t i o n s  w i l l  be conducted on t h r u s t- v e c t o r i n g  c o n c e p t s  t o  enhance 
high ang le- of- a t t ack  maneuverab i l i ty .  S u p e r s o n i c  v e r t i c a l / s h o r t  t a k e o f f  and l a n d i n g  (V/STOL) c o n c e p t s  
w i l l  be s t u d i e d  as t h e  i n i t i a l  p a r t  o f  a j o i n t  Uni ted  S t a t e d u n i t e d  Kingdom (U.S./U.K.) program. 
Other  s t u d i e s ,  conducted as p a r t  of t h e  systems a n a l y s i s  e f f o r t ,  w i l l  de te rmine  t h e  o v e r a l l  b e n e f i t  o f  
s y n e r g i s t i c  i n t e g r a t i o n  of  component and subsystem t e c h n o l o g i e s  f o r  hyperson ic  a i rc raf t  a p p l i c a t i o n s .  

R o t o r c r a f t  systems technology e f f o r t s  w i l l  i n c l u d e  p u b l i c a t i o n  o f  a n  e x t e r n a l  n o i s e  p r e d i c t i o n  
methodology aiming toward a three order- of-magnitude i n c r e a s e  i n  accuracy and wind t u n n e l  t e s t i n g  o f  
an advanced b e a r i n g l e s s  r o t o r .  A c t i v i t i e s  i n  technology for  nex t- genera t ion  rotorcraft  w i t h  more t h a n  
a twofo ld  i n c r e a s e  i n  speed w i l l  be focused on complet ion of  f l i g h t  t e s t i n g  o f  t h e  X-wing r o t o r  system 
on t h e  r o t o r  systems r e s e a r c h  a i r c ra f t  t o  i n c l u d e  convers ion  from r o t a r y  t o  s topped- ro to r  f l i g h t  
mode. 
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Areas o f  cont inued emphasis i n  high-performance a i r c r a f t  research a re  h i g h  angle- of- at tack,  w i t h  
i n i t i a l  t e s t i n g  up t o  20 degrees, i n t e g r a t e d  p r o p u l s i o n / f l i g h t  c o n t r o l s  t o  a l l ow 10-15 percent  
performance improvements, supermaneuverabi l i ty ,  s h o r t  t a k e o f f  and v e r t i c a l  l and ing  technology, and 
forward swept wing technology. The ob l ique  wing technology program, be ing conducted j o i n t l y  with t he  
Navy t o  e x p l o i t  the  p o t e n t i a l  f o r  h i g h  performance a t  subsonic and supersonic speeds, w i l l  i n c l ude  the  
d e t a i l e d  design and f a b r i c a t i o n  o f  t he  ob l ique  wing and assoc ia ted mod i f i ca t i ons  o f  the  NASA F-8 
a i r c r a f t .  F l i g h t  t e s t i n g  i s  planned t o  beg in  i n  FY 1989. Ceramic and ceramic-matr ix  research f o r  
t u r b i n e  engines with opera t ing  temperatures up t o  2300 degrees Fahrenhei t  w i l l  cont inue,  a long with 
t he  development of the ana l ys i s  t o o l s  t o  accura te ly  p r e d i c t  t he  l i f e  and assess the  d u r a b i l i t y  o f  
t u r b i n e  engine ho t  sec t i on  components. 

I n  the advanced turboprop program, aimed a t  a 3O-percent r educ t i on  i n  t r anspo r t  f u e l  consumption, 
f l i g h t  t e s t i n g  o f  t he  la rge- sca le  s i n g l e- r o t a t i o n  p r o p e l l e r  t o  b u i l d  a performance data  base fo r  h igh-  
speed p r o p e l l e r  aerodynamics and s t r u c t u r e s  w i l l  be conducted. Geared coun te r- ro ta t i on  p r o p e l l e r  
model t e s t s  w i l l  a l so  be conducted. The genera l  aviation/commuter engine research w i l l  i n c l u d e  t he  
d e f i n i t i o n  o f  re fe rence  engines t o  focus and d r i v e  component technology development t o  large- engine 
performance l e v e l s  and t o  p rov ide  a q u a n t i t a t i v e  measure o f  the  performance impact o f  advances as they 
a re  made. 

I n  the  NAS program, the i n i t i a l  opera t ing  c o n f i g u r a t i o n  and the second high-speed processor for t he  
extended opera t ing  con f i gu ra t i on ,  a l l ow ing  f ou r  t o  s i x  t imes more computing power, w i l l  be i n s t a l l e d  
i n  the  new NAS f a c i l i t y .  A l l  subsystem upgrades w i l l  reach f u l l  c a p a b i l i t y  e a r l y  i n  FY 1989. 
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1Yb6 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D w  

F l u i d  and thermal  phys ics  research and 
technology .......................... 28,498 48,500 30,400 39,500 

OWECTIVES AND STATUS 

The f l u i d  and thermal  phys ics  research and technology program i s  a combined a n a l y t i c a l  and 
exper imenta l  research e f f o r t  d i r e c t e d  a t  e x t e r n a l  aerodynamics. One o f  i t s  p r i n c i p a l  o b j e c t i v e s  i s  
the  development o f  computa t iona l  methods, which w i l l  i nc rease the  speed/e f f ic iency o f  three-  
dimensional  (3-0) f l o w  s o l v e r s  by two orders  o f  magnitude f o r  the  p r e d i c t i o n  and/or s i m u l a t i o n  o f  
complex f l u i d  f lows over a i r c r a f t .  A second o b j e c t i v e  i s  the  v a l i d a t i o n  o f  p r e d i c t i o n  ana s i m u l a t i o n  
methods, wi th  p a r t i c u l a r  focus on accura te  3-D t u r b u l e n t  models f o r  attached/separated f l ows  by means 
o f  a coord inated exper imenta l  t e s t  program. This a c t i v i t y  p rov ides  improved i n s i g h t  i n t o  the  
fundamentals o f  f l ow  physics, as w e l l  as the  d e t a i l e d  f l o w  measurements r e q u i r e d  f o r  v e r i f i c a t i o n  o f  
t h e  computations. Other program o b j e c t i v e s  i n c l u d e  e s t a b l i s h i n g  a d e t a i l e d  aerodynamic data  base f o r  
new high-performance t r a n s p o r t  a i r c r a f t  con f igua t ions  and conduct ing  drag r e d u c t i o n  research with 
emphasis on developing s p e c i f i c  devices and design techniques t o  reduce o v e r a l l  a i r c r a f t  drag by up t o  
6U percent. Rapid progress i s  be ing made i n  the  development o f  computat ional  and exper imental  
techniques t h a t  w i l l  l e a d  t o  reduced development t ime  and cos ts  f o r  f u t u r e  a i r c r a f t  and w i l l  p r o v i d e  
t h e  b a s i s  f o r  ach iev ing new and h igher  l e v e l s  o f  a i r c r a f t  and m i s s i l e  performance. 

The goa l  o f  computat ional  f l u i d  dynamics (CFD) research i s  t o  develop advanced computa t iona l  methods 
f o r  p r e d i c t i n g  t h e  aerodynamic f l o w  f i e l d  f o r  complete a i r c r a f t / m i s s i l e  c o n f i g u r a t i o n s  under a l l  
c o n d i t i o n s  o f  a t t i t u d e ,  speed, and a l t i t u d e .  To t h i s  end, the  program inc ludes  the  development o f  
computer codes f o r  s i m u l a t i n g  turbu lence and f o r  s o l v i n g  complex f l u i d  dynamics problems i n c l u d i n g  
steady and unsteady, i n v i s c i d  and v iscous f l o w  over two- and three- dimensional  geometries from low 
subsonic t o  hypersonic speeds. Improved a lgo r i t hms  f o r  Eu le r  and Navier-Stokes codes are  be ing  
developed; i n  p a r t i c u l a r ,  a t ranson ic  t h i n- l a y e r  Navier-Stokes s o l u t i o n  f o r  f i g h t e r - l i k e  wing-body 
c o n f i g u r a t i o n s  has been perfected.  Vec to r i zab le  a lgo r i t hms  are  be ing developed f o r  e f f i c i e n t  use o f  
new supercomputer technology t o  make p o s s i b l e  e a r l y  u t i l i z a t i o n  o f  t he  advanced c a p a b i l i t i e s  p rov ided  
by the  i n i t i a l  ope ra t ions  o f  t he  numer ica l  aerodynamic s i m u l a t i o n  (NAS) program. I n  t h i s  respect ,  
s i g n i f i c a n t  progress has been made i n  l i n k i n g  gas dynamics and chemical  k i n e t i c s  i n  codes t h a t  w i l l  
s imu la te  t h e  viscous, real-gas, e x t e r n a l  f l ows  about hypersonic f l i g h t  vehic les.  The advancement o f  
CFD research r e l i e s  h e a v i l y  on a d e t a i l e d  understanding o f  f l o w  phys ics  which p rov ides  i n p u t  f o r  more 
accura te  mathemat ical  modeling o f  the  f low. Increased e f f o r t  has, the re fo re ,  been devoted t o  t h e  
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modeling o f  t u r b u l e n c e ,  which dominates  many complex f lows and remains  one o f  t h e  most vexing o f  a l l  
aerodynamic phenomena. 

I n c r e a s e d  emphasis h a s  been p l a c e d  on d r a g  r e d u c t i o n  r e s e a r c h  because  d r a g  r e d u c t i o n  e q u a t e s  
d i rec t ly  t o  fuel  s a v i n g s  and improved a i r c ra f t  range/payload performance.  S i g n i f i c a n t  p r o g r e s s  h a s  
been made i n  s k i n  f r i c t i o n  a r a g  r e d u c t i o n  r e s e a r c h .  P a s s i v e  t e c h n i q u e s  have p rov ided  a p p r e c i a b l e  d r a g  
r e d u c t i o n s  i n  p r e s s u r e  g r a d i e n t  f lows ,  and t h e  performance o f  t h e  r i b l e t  and l a r g e  eddy b r e a k u p  
d e v i c e s  h a s  been shown t o  be a d d i t i v e  a t  h i g h  Reynolds numbers. I n  n a t u r a l  l aminar  f low r e s e a r c h ,  t h e  
effects  of  eng ine  noise- induced a c o u s t i c  d i s t u r b a n c e s  on t h e  maintenance o f  l aminar  f low have been 
i n v e s t i g a t e d  i n  f l i g h t .  The results i n d i c a t e  t h a t  t h e  b e n e f i t s  o f  l aminar  f low ach ieved  by wing 
surface c o n t o u r i n g  w i l l  n o t  be nega ted  by eng ine  no i se .  Laminar f low c o n t r o l  r e s e a r c h  on t h e  J e t S t a r  
leading- edge f l i g h t  t e s t  a i r c r a f t  h a s  p rogressed  t o  t h e  i n v e s t i g a t i o n  o f  env i ronmenta l  e f f e c t s  under 
r ea l i s t i c  o p e r a t i o n a l  c o n d i t i o n s .  The test a i r c r a f t  h a s  o p e r a t e d  from t h e  A t l a n t a  and P i t t s b u r g h  
a i r p o r t s ,  and t h e  s i m u l a t e d  o p e r a t i o n a l  environment t e s t i n g  w i l l  be moved t o  Cleveland f o r  w i n t e r  
environment i n v e s t i g a t i o n s .  

Exper imenta l  and a n a l y t i c a l  aerodynamics r e s e a r c h  is c e n t e r e d  around t h e  t e s t i n g  and a n a l y s i s  o f  
ai rcraf t  components and c o n f i g u r a t i o n s .  Although a n a l y t i c a l  methods f o r  a t t a c h e d  and v o r t i c a l  f lows  
have been improved aramatically, e x p e r i m e n t a l  tes ts  must be performed t o  v a l i d a t e  new d e s i g n s  and 
p r e d i c t i o n  t e c h n i q u e s  and t o  o b t a i n  o f f- des ign  d a t a  t h a t  canno t  yet be c a l c u l a t e d .  Analytical 
t e c h n i q u e s  f o r  s e p a r a t e d ,  h i g h  ang le- of- a t t ack  f lows have emerged as useful  d e s i g n  t o o l s .  Advanced 
s u p e r c r i t i c a l  technology and t r a n s o n i c  computa t iona l  methods have  been g e n e r a t e d  and i n t e g r a t e d  i n t o  
wing and canard  d e s i g n  methods f o r  h i g h  performance a i r c r a f t .  A s  a result  o f  r e c e n t  p r o g r e s s  i n  
s u b s o n i c  a i r f o i l  r e s e a r c h ,  s p e c i a l  purpose  d e s i g n s  can now be r a p i d l y  and accurately g e n e r a t e d .  
Recent examples i n c l u d e  a medium-speed, b e n i g n- s t a l l  g e n e r a l  a v i a t i o n  a i r f o i l  and a high- speed,  shock- 
free a i r f o i l .  

CHANGES FROH FY 1986 BUDGET ESTIMATE 

The d e c r e a s e  o f  $18.1 m i l l i o n  i n  t h i s  program p r i m a r i l y  r e f l e c t s  t h e  t r a n s f e r  o f  fundamental  
a e r o a c o u s t i c s ,  t es t  t e c h n i q u e s ,  and n a t i o n a l  t r a n s o n i c  f a c i l i t y  (NTF) o p e r a t i o n s  c o s t s  ($12.5 m i l l i o n )  
t o  a p p l i e d  aerodynamics and t h e  t r a n s f e r  o f  i n t e r n a l  computa t iona l  f l u i d  mechanics ($5.0 m i l l i o n )  t o  
p r o p u l s i o n  and power f o r  management and budge t ing  purposes .  The t r a n s f e r  o f  l aminar  f low i n t e g r a t i o n  
ac t iv i t i e s  ($2.4 m i l l i o n )  from t h e  a p p l i e d  aerodynamics l i n e  has been o f f s e t  by c o n s o l i d a t i o n  o f  t h e  
Ames Research C e n t e r ' s  c e n t r a l  computer f a c i l i t y  c o s t s  i n t o  t h e  i n f o r m a t i o n  s c i e n c e s  l i n e .  I n  
a d d i t i o n ,  rU.6 m i l l i o n  was t r a n s f e r r e d  t o  a p p l i e d  aerodynamics i n  s u p p o r t  o f  p r i o r i t y  h y p e r s o n i c s  
r e s e a r c h  and technology.  
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&$SI% F8R FY 1987 ESTIMATE 

I n  FY 1987, suppor t  o f  NAS opera t ions  w i l l  i nc rease t o  r e f l e c t  acce le ra ted  u t i l i z a t i o n  o f  enhanced 
NAS c a p a b i l i t y .  The CFD program w i l l  con t inue  t o  emphasize improved 3-0 c o n f i g u r a t i o n  ana l ys i s  and 
design. Th is  w i l l  be p r i n c i p a l l y  accomplished through the  development o f  numer ica l  a lgo r i t hms  with an 
order-of-magnitude improvement i n  speed and e f f i c i e n c y  over c u r r e n t  so lvers.  P a r t i c u l a r  focus w i l l  be 
g iven  t o  v a l i d a t i n g  Navier-Stokes p r e d i c t i o n  codes f o r  unsteady r o t o r c r a f t  aerodynamics and codes 
i n c o r p o r a t i n g  r e a l  gas e f f e c t s  and f i n i t e - r a t e  chemist ry  t o  p r e d i c t  aerodynamic performance, heat  
t r a n s f e r ,  and engine/exhaust f lows f o r  hypersonic v e h i c l e  concepts. I n  add i t i on ,  development o f  
a p p l i c a t i o n s  codes w i l l  be broadened t o  i n c l u d e  grea ter  i n t e g r a t i o n  among aerodynamics, s t ruc tu res ,  
p ropu ls ion ,  and con t ro l s .  

Increased emphasis w i l l  be p laced on experiments designed t o  v a l i d a t e  CFD techniques and t o  p rov ide  
data f o r  f l ow  modeling. Data w i l l  be acqui red t o  improve t h e  model ing o f  complex f lows which 
experience separat ion,  v o r t i c a l  motions, and streamwise/transverse curvature.  

Research t o  achieve s i g n i f i c a n t  reduc t i ons  i n  o v e r a l l  a i r c r a f t  drag w i l l  emphasize i n  FY 1987 the 
f l i g h t  t e s t i n g  o f  a number o f  s k i n  f r i c t i o n  r e d u c t i o n  concepts. Transonic and supersonic f l i g h t  t e s t s  
w i l l  be performed on r i b l e t s ,  which are  l o n g i t u d i n a l  grooves t h a t  have shown s i g n i f i c a n t  t u r b u l e n t  
drag reduc t i ons  i n  wind tunne l  t es t s .  Another sur face  geometry m o d i f i e r  which has shown promise i n  
ground-based t e s t i n g  i s  the  l a r g e  eddy break-up (LEBU) device. Transonic f l i g h t  t e s t s  o f  the  LEBU 
w i l l  be accomplished on the Langley 8-737 a i r c r a f t .  Supersonic v iscous f l o w  research w i l l  be 
increased with d e t a i l e d  wind t u n n e l  i n v e s t i g a t i o n  o f  boundary l a y e r  t r a n s i t i o n  s e n s i t i v i t y  t o  i n c i d e n t  
noise, roughness, waviness, and other  d is turbances.  A d d i t i o n a l l y ,  a supersonic s t a b i l i t y  p r e d i c t i o n  
method w i l l  be c a l i b r a t e d  i n  the  p i l o t  low- disturbance wind tunnel .  Other e f f o r t s  i n  v iscous drag 
research w i l l  i n c l u d e  the F-14 v a r i a b l e  sweep t r a n s i t i o n  f l i g h t  experiment on a n a t u r a l  laminar  f l o w  
wing glove, complet ion o f  the  Je tS ta r  laminar  f l o w  c o n t r o l  f l i g h t  t e s t s ,  and supersonic laminar  f l ow  
fundamental experiments on the Langley F-1116 and the  Ames-Dryden F-15 a i r c r a f t .  New research i n t o  t he  
r e d u c t i o n  o f  induced drag (d rag  due t o  l i f t )  and form drag w i l l  be i n i t i a t e d ,  t o  be fo l lowed s h o r t l y  
by research  on wave drag reduc t i on  i n  which leading-edge m o d i f i c a t i o n s  w i l l  be s tudied.  T h e o r e t i c a l  
e f f o r t s  i n  drag r e d u c t i o n  w i l l  i n c l u d e  development o f  a f u l l y  three- dimensional subsonic/supersonic 
v iscous f l o w  design code and the  genera t ion  o f  n e a r - f i e l d  acous t ic  theory  t o  model t h e  i n t e r a c t i o n  o f  
no ise  with boundary layers .  

A s i g n i f i c a n t  mi les tone i n  exper imenta l  aerodynamics p r o j e c t e d  f o r  FY 1987 w i l l  be the  complet ion o f  
the  Ames f l u i d  mechanics labora tory .  Fundamental t e s t s  and analyses w i l l  be conducted i n  this 
f a c i l i t y  i n  unsteady boundary layers ,  v o r t i c a l  f lows, advancea t e s t  techniques, and a v a r i e t y  o f  other 
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f low p h y s i c s  phenomena. The t h e o r e t i c a l  e f f o r t s  w i l l  be c l o s e l y  i n t e g r a t e d  wi th  t h e  cor respond ing  
exper iments ,  which w i l l  be conducted p r i m a r i l y  f o r  t h e  v a l i d a t i o n  o f  computa t iona l  aerodynamic methods 
and t h e  e x p l o r a t i o n  of fundamental  f low mechanisms. The a c q u i s i t i o n  of d e t a i l e d  d a t a  t o  s u p p o r t  
t u r b u l e n c e  model development w i l l  be pursued.  Improved a n a l y s i s / d e s i g n  c a p a b i l i t y  f o r  s u p e r c r i t i c a l  
f lows and v o r t i c a l  f lows  w i l l  be developed.  I n  t h e  Ames f l u i d  mechanics f a c i l i t i e s  and i n  o t h e r  
aerodynamic r e s e a r c h  f a c i l i t i e s ,  such  as t h e  n a t i o n a l  t r a n s o n i c  f ac i l i ty ,  a major e f f o r t  w i l l  be made 
t o  improve t h e  t r a n s o n i c  performance o f  advanced aircraft  and missile c o n f i g u r a t i o n s  and t o  improve 
t h e  u n d e r s t a n d i n g  o f  h igh Reynolds number flows. Wing v o r t i c a l  f lows  w i l l  be ana lyzed  i n  d e t a i l  t o  
deve lop  p r e d i c t i o n  methods for h i g h  ang le- of- a t t ack  flows and o t h e r  complex phenomena. S u p e r c r i t i c a l  
technology and a n a l y t i c a l  t r a n s o n i c  methods w i l l  be developed and a p p l i e d  t o  wing and canard  d e s i g n  a t  
cruise ana maneuver c o n d i t i o n s  f o r  advanced aircraf t .  Leading- edge e x t e n s i o n s  and cavity f l a p  
c o n c e p t s  w i l l  be exp lo red  t o  c a p i t a l i z e  on v o r t e x- t h r u s t  and v o r t e x - l i f t  phenomena. A i r f o i l  r e s e a r c h  
w i l l  i n c l u d e  b a s i c  aerodynamic tes ts  o f  a swept porous  l aminar  f low c o n t r o l  a i r f o i l  and complete  
performance t e s t i n g  o f  a n a t u r a l  l aminar  f low a i r f o i l .  A h i g h - l i f t  d a t a  base  w i l l  be e s t a b l i s h e d  f o r  
an advanced four-component a i r f o i l ,  w i th  s p e c i a l  a t t e n t i o n  g iven  t o  c o n f l u e n t  boundary layer behav io r .  
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1986 1987 
Budget 1985 Budqet Current  

Ac tua l  Est imate Est imate Est imate 
7Thousands o f  Dollars) 

Appl ied aerodynamics research and 
technology ....................... 50,900 43,700 55,3Ub 57, l U l j  

OWECTIVES AND STATUS 

The o b j e c t i v e  of the  app l ied  aerodynamics research program i s  t o  generate, by conduct ing a n a l y t i c a l  
and exper imenta l  programs re l evan t  t o  s p e c i f i c  v e h i c l e  c lasses,  advanced technology t o  improve 
performance and f l i g h t  dynamics o f  f u t u r e  a i r c r a f t  and m iss i l es .  The program i s  d i r e c t e d  a t  s p e c i f i c  
technology goa ls  assoc ia ted with p a r t i c u l a r  types o f  veh ic les :  (1) increased e f f i c i e n c y  for  subsonic 
a i r c r a f t  through a i r f rame/p ropu ls ion  i n t e g r a t i o n ,  s t a l l - s p i n  res is tance ,  improved t a k e o f f  and l and ing  
performance, and a 60-percent r educ t i on  i n  c r u i s e  drag; ( 2 )  accurate p r e d i c t i o n  and reduc t i on  o f  
r o t o r c r a f t  no ise and v i b r a t i o n ,  and improvement o f  r o t o r c r a f t  performance p e r m i t t i n g  a f i v e f o l d  
increase i n  p r o d u c t i v i t y ;  (3 )  h i g h  ang le- of- at tack maneuverab i l i ty ,  susta ined supersonic performance, 
and s h o r t  t a k e o f f  and v e r t i c a l  l and ing  (STOVL) c a p a b i l i t y  f o r  high-performance a i r c r a f t ;  (4) a 50- 
percent increase i n  l i f t - d r a g  r a t i o  f o r  supersonic c r u i s e  a i r c r a f t ;  and (5) a 40-percent increase i n  
hypersonic l i f t - d r a g  r a t i o  f o r  hypersonic/  t ransatmospher ic vehic les.  These programs u t i l i z e  a broad 
v a r i e t y  of t e s t  f a c i l i t i e s  and are supported by con t i nu i ng  development o f  t e s t  techniques and 
ins t rumenta t ion .  The o b j e c t i v e  o f  the  t e s t  techniques research i s  t o  improve exper imental  c a p a b i l i t y  
and t o  achieve an order-of-magnitude improvement i n  the  accuracy o f  wind t unne l  data. I n  add i t i on ,  
the  program inc ludes  aeroacoust ics  research t h a t  develops t he  bas ic  understanding requ i r ed  t o  examine 
s p e c i f i c  no ise problems such as the  e f f e c t  o f  advanced turboprop no ise on s t r u c t u r e  and laminar  f low. 

I n  subsonic powe red- l i f t  research, t he  cu r ren t  emphasis i s  on la rge- sca le  t e s t i n g  o f  new concepts, 
i n c l u d i n g  some i n  cooperat ive  programs w i t h  i ndus t r y ,  the  Department o f  Defense (DUD), and a l l i e d  
governments. A la rge- sca le  model o f  the  subsonic Grumman 698 t i lt fan (V/STOL) a i r c r a f t  i s  be ing 
read ied for  cooperat ive  NASA/Navy t e s t i n g  i n  the  80x120- foot wind tunnel .  P lann ing i s  i n  progress f o r  
cooperat ion w i t h  the  DOD i n  f u r t h e r  technology development f o r  f u t u r e  a i r c r a f t  such as the  advanced 
technology t r anspo r t  being considered by the  U.S. A i r  Force. 

The emphasis i n  the r o t o r c r a f t  aerodynamics research program i s  t o  p rov ide  technology requ i r ed  f o r  
low v i b r a t i o n  for  safety,  speed, d u r a b i l i t y ,  and comfort  and f o r  t he  design and c e r t i f i c a t i o n  o f  c i v i l  
and m i l i t a r y  h e l i c o p t e r s  producing 8U percent  l e s s  no ise  than c u r r e n t  he l i cop te r s .  Basic acous t i c  
ana l ys i s  i s  showing promise f o r  the  r educ t i on  o f  c e r t a i n  types o f  noise,  but h igher  order computer 
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codes and experiments a re  needed t o  p rov ide  the accuracy requ i red  f o r  design and c e r t i f i c a t i o n  o f  
improved r o t o r c r a f t .  I n  v i b r a t i o n  research, coopera t i ve  e f f o r t s  with i n d u s t r y  have shown the  need fo r  
s t r u c t u r a l  detuning between the r o t o r  and the  fuselage and the  need f o r  b e t t e r  modeling o f  fuselage 
modes. Fundamental t o  these e f f o r t s  are seve ra l  smal l- scale wind tunne l  t e s t s  f o r  r o t o r  a i r l o a d s  and 
i n te r fe rence .  I n  f u l l - s c a l e  f l i g h t  research, the  r o t o r  systems research a i r c r a f t  w i l l  complete a 
high-speed r o t o r  performance survey. Support for  t he  advanced l i g h t  h e l i c o p t e r  (LHX) and the  V-22 
programs cont inues, us ing  the  upgrade0 4Ux80-foot wind tunne l  and the  XV-15 t i lt r o t o r  a i r c r a f t .  I n  
genera l  a v i a t i o n  research, with s p i n- r e s i s t a n t  design technology s u f f i c i e n t l y  developed t o  suppor t  t he  
Federa l  A v i a t i o n  Admin i s t ra t i on  (FAA) c e r t i f i c a t i o n  o f  s ing le- engine a i rp lanes ,  t he  focus i s  s h i f t i n g  
t o  twin- engine a i r c r a f t .  The n a t u r a l  laminar  f l o w  research f o r  drag reduc t i on  cont inues, emphasizing 
p r o p e l l e r  s l i ps t reams  and three- dimensional  fuselage shapes. Newly developed l i q u i d  c r y s t a l  coa t ings  
w i l l  a i d  t h i s  e f f o r t  by p r o v i d i n g  instantaneous measurement o f  f l u c t u a t i o n s  o f  boundary l a y e r  
t r a n s i t i o n .  

The high-performance research program i s  examining th ree  h i g h  p a y o f f  areas f o r  aerodynamic 
i n v e s t i g a t i o n :  (1 )  sus ta ined supersonic c ru ise ;  ( 2 )  h i g h  angle- of- at tack maneuverabi l i ty ;  and (3)  
v e r t i c a l  l i f t  operat ion.  For supersonic c ru ise ,  non l inear ,  a t tached- f low computer codes f o r  optimum 
design o f  supersonic c o n f i g u r a t i o n s  are  being developed. S tore  c a r r i a g e  and separa t ion  a t  supersonic  
c o n d i t i o n s  a r e  a l s o  being i nves t i ga ted ,  w i th  emphasis on c a v i t y  f lows w i th  exper imenta l  v a l i d a t i o n .  
I n  h i g h  angle- of- at tack research, a n a l y t i c a l  methods for  c a l c u l a t i n g  the  t y p i c a l  vo r tex  and separated 
f lows from a i r c r a f t  a t  h i g h  maneuver angles are  being developed, w i th  subsonic t e s t s  be ing  used fo r  
c o r r e l a t i o n .  A c t i v e  c o n t r o l  with b lowing and passive design techniques are bo th  be ing  i n v e s t i g a t e d  
fo r  improv ing the c o n t r o l  problems associated w i th  t h i s  maneuver cond i t i on .  I n  add i t i on ,  t h e  use of 
m u l t i a x i s  t h r u s t  vec to r i ng  i s  being explored a f t e r  successfu l  f r e e- f l i g h t  t e s t s  i n  the  30x60- foot wind 
tunnel .  These fundamental e f f o r t s  a re  c l o s e l y  coupled with the  research f l i g h t  experiments conducted 
under the  systems technology element f o r  high-performance f l i g h t  research. I n  supersonic f i g h t e r  
STOVL, a gener ic  e j e c t o r  l i f t  model i s  i n v e s t i g a t i n g  augmentation concepts, and an e j e c t o r  
l i f t / v e c t o r e d  t h r u s t  f i g h t e r  model i s  be ing  cons t ruc ted  i n  l a r g e  sca le  by Canada f o r  t e s t i n g  by NASA 
i n  a coopera t i ve  program. I n  add i t i on ,  in-house s t u d i e s  o f  o ther  supersonic STOVL concepts a re  
underway f o r  tandem fan  and remote ly  augmented l i f t  system concepts. 

A c t i v i t i e s  i n  hypersonics were expanded i n  FY 1986 i n  bo th  the  exper imenta l  and t h e o r e t i c a l  areas. 
The Langley Research Center program addresses the  exper imenta l  wind t u n n e l  model t e s t i n g  of advanced 
con f i gu ra t i ons  t h a t  show promise f o r  a p p l i c a t i o n  i n  atmospheric c r u i s e  and a i r b r e a t h i n g  launch 
veh ic les .  The Ames Research Center a c t i v i t i e s  concentrate on the a p p l i c a t i o n  o f  computat ional  f l u i d  
dynamics t o  the s i m u l a t i o n  and ana l ys i s  o f  complex f l ow  f i e l d s .  
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I n  s u p p o r t  o f  t h e  above e f f o r t s ,  new t e s t i n g  c a p a b i l i t y  and t e c h n i q u e s  are b e i n g  pursued.  The 
n a t i o n a l  t r a n s o n i c  f a c i l i t y  is c o n t i n u i n g  t o  demons t ra te  c a p a b i l i t y  f o r  c ryogen ic  wind t u n n e l  t e s t i n g  
i n  o r d e r  t o  s i m u l a t e  f u l l - s c a l e  c o n d i t i o n s  wi th  independen t  c o n t r o l  of  c o m p r e s s i b i l i t y ,  v i s c o s i t y ,  
and a e r o e l a s t i c i t y  parameters .  Models t e s t e d  t o  d a t e  i n c l u d e  t h e  s p a c e  s h u t t l e ,  t h e  EA-6B f o r  t h e  
Navy, and t h e  P a t h f i n d e r  I ,  a g e n e r i c  t r a n s p o r t  w i t h  i n t e r c h a n g e a b l e  components. I n c r e a s e d  emphasis  
is being p l a c e d  on n o n i n t r u s i v e  measurement d e v i c e s ,  such  as  lasers,  w i t h  l a r g e  p a y o f f s  i n  accuracy 
and p r o d u c t i v i t y .  I n  t h e  a e r o a c o u s t i c s  r e s e a r c h  e f f o r t ,  f l i g h t  t e s t i n g  h a s  been conducted t o  
de te rmine  t h e  e f f e c t  o f  eng ine  a c o u s t i c  l o a d s  on t h e  n a t u r a l  laminar flow of a nearby wing, and a n  
e f f o r t  is i n  p r o g r e s s  i n  s u p e r s o n i c  plume flow t o  examine t h e  a c o u s t i c  f a t i g u e  l o a d s  on t h e  a f t  end o f  
high- performance f i g h t e r s .  

W N E S  FRW FY 1986 BU)(;ET ESTIMATE 

The i n c r e a s e  o f  $11.6 m i l l i o n  r e s u l t e d  from t h e  r e a l i g n m e n t  of fundamental  a e r o a c o u s t i c s ,  t e s t  
t e c h n i q u e s ,  and NTF o p e r a t i o n s  c o s t s  ($12.5 m i l l i o n )  t o  t h i s  program and a g e n e r a l  increase of  $1.5 
m i l l i o n ,  $0.7 m i l l i o n  of  which s u p p o r t s  h y p e r s o n i c s  technology.  These increases were p a r t i a l l y  o f f s e t  
by t h e  t r a n s f e r  o f  l aminar  f low i n t e g r a t i o n  r e s e a r c h  ($2.4 m i l l i o n )  t o  f l u i d  and t h e r m a l  phys ics .  

BASIS OF FY 1987 ESTIMATE 

FY 1987 ac t iv i t i e s  i n  r o t o r c r a f t  aerodynamics r e s e a r c h  w i l l  i n c l u d e  t h e  a c q u i s i t i o n  o f  aerodynamic 
i n t e r f e r e n c e  data on a main r o t o r / f u s e l a g e / t a i l  r o t o r  test  a p p a r a t u s  i n  t h e  40x80-foot wind tunne l .  A 
b e a r i n g l e s s  main r o t o r  w i l l  be t e s t e d  t o  d e f i n e  high- speed dynamic s t a b i l i t y  and loads .  A s i m p l i f i e d  
method of h igher  harmonic c o n t r o l  f o r  v i b r a t i o n  r e d u c t i o n  w i l l  be t r i e d  on a full- scale r o t o r  i n  t h e  
40x80- foot wind tunne l .  I n i t i a l  r u n s  o f  a th ree- dimens iona l ,  v i s c o u s ,  t r a n s o n i c ,  uns teady flow 
analysis  w i l l  be made f o r  r o t o r  b l a d e  t i p s .  

High-performance aerodynamic r e s e a r c h  i n  s u s t a i n e d  s u p e r s o n i c  c r u i s e  w i l l  c o n t i n u e  t o  deve lop  
a n a l y s i s  and exper imenta l  c o r r e l a t i o n  of  s u p e r s o n i c  wing d e s i g n  and s t o r e  c a r r i a g e  and s e p a r a t i o n .  
High ang le- of- a t t ack  m a n e u v e r a b i l i t y  r e s e a r c h  w i l l  i n v e s t i g a t e  s t a b i l i t y  and c o n t r o l  a t  a n g l e s  t o  a t  
least  80 d e g r e e s  and w i l l  f o c u s  on t h r e e  areas: (1) development o f  a d a t a  b a s e  f o r  improved 
u n d e r s t a n d i n g  o f  f low and f l i g h t  dynamics phenomena and f o r  subsequen t  s u p p o r t  o f  p lanned f l i g h t  
r e s e a r c h  on t h e  F-18 v e h i c l e  f o r  h igh  ang le- of- a t t ack  t e s t i n g ;  (2 )  aerodynamic d a t a  n e c e s s a r y  for 
p i l o t e d  s i m u l a t i o n s  o f  maneuvers u s i n g  t h r u s t  v e c t o r i n g  f o r  c o n t r o l ;  and ( 3 )  t h e  e f f e c t  o f  v o r t e x  
f l a p s  on t h e  c o n t r o l  system requ i rements .  

I n  powered- l i f t  t echno logy ,  t h e  l a r g e- s c a l e  f i g h t e r  model of an  e j e c t o r  l i f t / v e c t o r e d  t h r u s t  model 
S e v e r a l  s t u d i e s  and w i l l  be t e s t e d  i n  t h e  40xu0-foot wind t u n n e l  i n  a c o o p e r a t i v e  e f f o r t  wi th  Canada. 
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tes ts  on c r i t i ca l  t echno logy  areas such  as  s u s t a i n e d  s u p e r s o n i c  c r u i s e  and g round- ef fec t  p e n a l t i e s  i n  
hover w i l l  be under taken  i n  s u p p o r t  of t h e  U.S./United Kingdom program i n  s u p e r s o n i c  STOVL. 
S i m u l a t i o n  o f  t h e  proposed STOVL c o n c e p t s  w i l l  d e t e r m i n e  r e q u i r e d  levels o f  c o n t r o l  power and f l y i n g  
q u a l i t i e s .  

The FY 1987 g e n e r a l  a v i a t i o n  r e s e a r c h  w i l l  emphasize t h e  a c q u i s i t i o n  o f  aerodynamic d a t a  i n  s u p p o r t  
of  r e s e a r c h  on a u t o m a t i c  c o n t r o l  o f  engine- out  c o n d i t i o n s  on twin- engine  a i r p l a n e s .  I t  w i l l  a l s o  
i n c l u d e  r e s e a r c h  on unconven t iona l  c o n f i g u r a t i o n s  u s i n g  forward sweep, c a n a r d s ,  and a e r o e l a s t i c  
t a i l o r i n g .  Criteria f o r  f u s e l a g e  d e s i g n s  having n a t u r a l  l aminar  f low w i l l  be developed.  I n  t h e  area 
of  tes t  t e c h n i q u e s  and i n s t r u m e n t a t i o n ,  t h e  n a t i o n a l  t r a n s o n i c  f a c i l i t y  w i l l  c o n t i n u e  development of 
advanced c r y o g e n i c  i n s t r u m e n t a t i o n  w i t h  emphasis on accurate boundary layer d i a g n o s t i c s ,  s e n s i n g  of  
model a t t i t u d e  and structural de format ion ,  and t h e  development o f  an  u l t r a- h i g h  f o r c e  ba lance .  I n  
o t h e r  test t e c h n i q u e s  a c t i v i t y ,  laser holography v i s u a l i z a t i o n  w i l l  pe rmi t  t h e  calculation of 
t u r b u l e n c e  q u a n t i t i e s .  Adapt ive  walls w i l l  be o p e r a t i o n a l  i n  t h e  Langley Research Cen te r  0.3-meter 
and t h e  Ames Research Cen te r  2- foot wind t u n n e l s .  F l u o r e s c e n t  t e c h n i q u e s  w i l l  be developed for 
s e n s i n g  t empera tu re ,  d e n s i t y  and s k i n  f r i c t i o n  pa ramete r s .  The l i q u i d  crystal c o a t i n g s  f o r  boundary 
layer r e s e a r c h  w i l l  be extended t o  s u p e r s o n i c  and hyperson ic  f lows.  

The FY 1987 a e r o a c o u s t i c s  r e s e a r c h  f o r  f i x e d  wing a i rcraf t  w i l l  c o n t i n u e  t h e  s t u d y  o f  s u p e r s o n i c  
plume dynamics. T h i s  e f f o r t  w i l l  be used i n  t h e  a n a l y s i s  of ground and F-15 f l i g h t  exper iments  t h a t  
are i n v e s t i g a t i n g  t h e  structural f a t i g u e  l o a d s  a s s o c i a t e d  w i t h  t h e  a c o u s t i c s  o f  t h e  dual- engine  
i n s t a l l a t i o n .  

Hypersonic  c r u i s e / t r a n s a t m o s p h e r i c  c o n c e p t s  w i l l  be des igned ,  t e s t e d ,  and ana lyzed  t o  e s t a b l i s h  a 
d a t a  b a s e  f o r  t h i s  e v o l v i n g  v e h i c l e  class. Wind t u n n e l  models w i l l  be  c o n s t r u c t e d  and t e s t e d  over  a 
wide speed range,  ( t h r o u g h  hyperson ic  Mach numbers) t o  h igh  a l t i t u d e s  o v e r  a range o f  Reynolds numbers 
a t  t h e  Langley Research Center .  The computa t iona l  f l u i d  dynamics program a t  t h e  Ames Research C e n t e r  
w i l l  be expanded t o  i n c l u d e  real g a s  effects and t h e  e f f e c t s  o f  f l o w- f i e l d  s e p a r a t i o n  on r ea l i s t i ca l ly  
complex aerodynamic shapes .  
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1986 19b7 
1985 Budqet Cur ren t  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D o l l a r s ) '  

P ropu ls ion  and power research and 
technology .......................... 33,636 31, OOU 33,80U 35,700 

WECTIVES AND STATUS 

The o b j e c t i v e  o f  the  p r o p u l s i o n  and power research and technology program i s  t o  p rov ide  t h e  
understanding o f  t h e  governing p h y s i c a l  phenomena occur r i ng  a t  t h e  d i s c i p l i n a r y ,  component, and 
subsystem l e v e l s  t h a t  w i l l  support  and s t i m u l a t e  f u t u r e  improvements i n  p r o p u l s i o n  system e f f i c i e n c y ,  
performance c a p a b i l i t y ,  f u e l  f l e x i b i l i t y ,  r e l i a b i l i t y ,  and d u r a b i l i t y .  Research i s  be ing  performed 
on a wide v a r i e t y  of subsystems wi th  a p p l i c a t i o n  rang ing  from the  genera l  a v i a t i o n  c l a s s  through the  
hypersonic/transatmospheric c l a s s  o f  a i r c r a f t .  Ongoing d i s c i p l i n a r y  research on ins t rumen ta t ion ,  
i n t e r n a l  computat ional  f l u i d  mechanics and aerothermodynamic concepts i s  p r o v i d i n g  t h e  foundat ion  
necessary t o  support  progress a t  t he  component and subsystem l e v e l s .  These e f f o r t s  w i l l  l e a d  t o  major  
p r o p u l s i o n  system improvements f o r  a l l  types o f  a i r c r a f t .  

Hypersonic p r o p u l s i o n  research has as i t s  o b j e c t i v e  the  matur ing  o f  supersonic combustion technology 
t o  support  development o f  f u t u r e  systems. Near- term goa ls  a r e  the  demonstrat ion o f  good high-speed 
performance and, through a s e r i e s  o f  w e l l  thought- out experiments, t h e  development o f  an understanding 
o f  the  concept 's  governing p r i n c i p l e s .  I n  FY 1985 a s t e p- s t r u t  sc ramje t  engine module opera t ing  a t  
Mach 4 demonstrated a 21-percent i nc rease  i n  thrust over p rev ious  c o n f i g u r a t i o n s  and e l i m i n a t e d  t h e  
combustor- in le t  i n t e r a c t i o n  p r e v i o u s l y  observed. Tests w i l l  be r u n  i n  FY 1986 t o  v e r i f y  performance 
a t  Mach 7. P is ton- dr i ven  shock- tunnel s imu la t i ons  f o r  scramjet  combustor c o n d i t i o n s  were c a r r i e d  o u t  
and showed good c o r r e l a t i o n  with w e l l  es tab l i shed  t h e o r e t i c a l  p r e d i c t i o n s  p rov ing  i t  a u s e f u l  t o o l  f o r  
o b t a i n i n g  skin f r i c t i o n ,  w a l l  heat  t r a n s f e r ,  and f l o w  v i s u a l i z a t i o n .  The r e a c t i o n  enhancement 
p r o p e r t i e s  o f  s i l a n e  were a l s o  demonstrated, p r o v i d i n g  a means t o  expand the  envelope o f  c o n d i t i o n s  i n  
which r e a c t i v e  t e s t s  can be conducted. Checkout measurements o f  temperature and concen t ra t i on  of 
n i t r o g e n  and oxygen i n  a subsonic flame u s i n g  coherent  ant i- Stokes Raman spectroscopy were 
success fu l l y  completed p rov ing  t h i s  ins t rument  ready f o r  use on a supersonic flame. 

For  supermaneuverabi l i ty  and p o w e r e d- l i f t  a p p l i c a t i o n s ,  i n  which the  goa l  i s  the  development o f  
technology t o  support  p ropu ls ion  systems capable o f  p o w e r e d- l i f t  and i n - f l i g h t  thrust v e c t o r i n g  
c a p a b i l i t y ,  work i s  focus ing on understanding e j e c t o r  a p p l i c a t i o n s  and the e f f e c t s  o f  thrust 
vec tor ing .  The vectored- thrus t  model in tended f o r  determin ing t h r u s t- v e c t o r i n g  performance and i n l e t  
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i n g e s t i o n  i s  scheduled f o r  t e s t i n g  i n  the  Lewis Research Center 9x15-foot  wind tunnel .  F a b r i c a t i o n  o f  
a new p o w e r e d- l i f t  t e s t  r i g  a t  t he  Lewis Research Center w i l l  be completed i n  FY 1986 f o r  l a t e r  
t e s t i n g  o f  t he  a i r  d u c t i n g  of a r e p r e s e n t a t i v e  e j e c t o r  system. F a b r i c a t i o n  of a s h o r t  d i f f u s e r  f o r  a 
supersonic 2-D i n l e t  i s  near complet ion and w i l l  be t e s t e d  t o  determine i f  engines can be i n s t a l l e d  
f a r t h e r  forward on a i r c r a f t  t o  g e t  them c l o s e r  t o  the  cen te r  o f  g r a v i t y  f o r  improved c o n t r o l .  

I n  s m a l l  engines t h e  o b j e c t i v e  i s  t o  achieve a s p e c i f i c  f u e l  consumption r e d u c t i o n  o f  50 percent  
and, i n  add i t i on ,  a m u l t i f u e l  c a p a b i l i t y  f o r  r o t a r y  engines. Near- term emphasis f o r  t he  r o t a r y  engine 
i s  t o  o b t a i n  s u f f i c i e n t l y  improved understanding o f  t h e  p h y s i c a l  processes t o  enable accura te  
performance p r e d i c t i o n s  and de te rm ina t ion  o f  advanced engine opera t ing  boundaries. Fo r  s m a l l  gas 
t u r b i n e s  the  s p e c i f i c  f u e l  consumption goa l  can be met through the use o f  improved m a t e r i a l s  and 
advanced aerodynamic design, the  concepts o f  near- term focus. The computer modeling f o r  performance 
and heat  t r a n s f e r  analyses o f  d i r e c t  i n j e c t i o n  s t r a t i f i e d- c h a r g e  r o t a r y  engines has been completed, 
and t h e  f i n i t e -e lemen t  s t r e s s  model f o r  de te rm ina t ion  o f  t h e  r o t o r  and housing s t resses  was made 
opera t iona l .  Cast ings o f  g raph i te- re in fo rced  magnesium, f o r  housings, which w i l l  p rov ide  increased 
s t i f f n e s s  f o r  improved sea l ing ,  were s u c c e s s f u l l y  fabr ica ted.  The b a s e l i n e  performance 
c h a r a c t e r i z a t i o n  and e v a l u a t i o n  o f  a h i g h  f l o w  r a t e ,  low f u e l  i n j e c t i o n ,  and h igh- vo l tage i g n i t i o n  
system s t r a t i f i e d- c h a r g e  r o t a r y  t e s t  r i g  were i n i t i a t e d  and w i l l  be completed i n  FY 1986. 

Ins t rumen ta t ion  research i s  progress ing toward advanced high- temperature sensors and o p t i c a l  
n o n i n t r u s i v e  measurement systems. The f i r s t  o p t i c a l  i n s t r u m e n t a t i o n  system t h a t  a l l o w s  f l o w  
measurement o f  a l l  t h r e e  v e l o c i t y  components through a s i n g l e  v iewing p o r t  has been f a b r i c a t e d  and 
s u c c e s s f u l l y  bench tested.  The system i s  capable o f  measuring complex f l ows  i n  turbomachinery 
passages, thus making p o s s i b l e  a fundamental understanding o f  secondary f lows. The system w i l l  be 
used t o  generate d e t a i l e d  secondary f l o w  measurements d u r i n g  compressor t e s t s  i n  FY 1986. A n  advanced 
o p t i c a l  pressure sensor t h a t  i s  capable o f  opera t ion  a t  temperatures up t o  840 degrees Fahrenhe i t  was 
a l s o  demonstrated. 

I n t e r n a l  computat ional  f l u i d  mechanics (ICFM) i s  emerging as a h i g h l y  impor tan t  t o o l  f o r  improved 
understanding o f  f l o w  phys ics  and f o r  a p p l i c a t i o n  i n  aeropropu ls ion systems. This w i l l  prove 
i n c r e a s i n g l y  t r u e  as the  a b i l i t y  t o  c a l c u l a t e  complex three- dimensional  f lows w i th  f a s t ,  v a l i d a t e d  
techniques improves. Toward t h i s  end, improvements are sought i n  a l g o r i t h m  speed, a b i l i t y  t o  p r e d i c t  
impor tan t  p h y s i c a l  phenomena, and proper v a l i d a t i o n  o f  t he  p r e d i c t i o n  techniques. I n  FY 1985 a three-  
dimensional  i n v i s c i d  code was developed and used t o  analyze a r a d i a l  f l ow  t u r b i n e  t o  determine 
secondary f low components, and r i g o r o u s  v iscous subsonic compressib le f l ow  a n a l y s i s  f o r  two- 
dimensional  and axisymmetric duc ts  has been developed t h a t  a l l ows  c a l c u l a t i o n  o f  f u l l y  developed 
t u r b u l e n t  f lows. The I n s t i t u t e  f o r  Computat ional Mechanics i n  P r o p u l s i o n  i s  now opera t iona l ,  and the  
f i r s t  two i n s t i t u t e  members are  on s i t e  a t  Lewis Research Center per forming a l g o r i t h m  development 
research. The Lewis Research Center operates a Cray XMP computer system t o  p rov ide  s ta te- o f- the- ar t  
high-performance computat ional  f a c i l i t i e s  f o r  aeronaut ics  research i n  f l u i d  dynamics and heat  
t r a n s f e r .  
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WmS FRW FY 1966 BU)(;ET ESTIMATE 

The i n c r e a s e  of $2.8 m i l l i o n  reflects t h e  t r a n s f e r  o f  i n t e r n a l  computa t iona l  f l u i d  mechanics 
r e s e a r c h  ($5.0 m i l l i o n ) ,  o f f s e t  by a r e d u c t i o n  of $2.2 m i l l i o n  i n  a l t i t u d e  wind t u n n e l  modeling 
s u p p o r t  and o t h e r  s t u d y  e f f o r t s ;  $1.5 m i l l i o n  of  t h i s  l a t t e r  amount was t r a n s f e r r e d  t o  t h e  materials 
and s t r u c t u r e s  l i n e  i n  s u p p o r t  o f  p r i o r i t y  h y p e r s o n i c s  technology e f f o r t s .  I n  a d d i t i o n ,  $2.9 m i l l i o n  
is be ing  d i r e c t e d  toward h y p e r s o n i c s  t echno logy  requ i rements  w i t h i n  t h i s  program. 

BASIS OF FY 1987 ESTIMATE 

The hyperson ic  p r o p u l s i o n  ac t iv i t ies  w i l l  c o n t i n u e  w i t h  d e s i g n  and f a b r i c a t i o n  o f  t h e  l a r g e- s c a l e  
scramjet eng ine  hardware t o  show t h a t  t h e  technology which was r e c e n t l y  demonstra ted  can  be a p p l i e d  t o  
l a r g e r - s c a l e  engines .  Low-speed performance w i l l  be  v e r i f i e d  w i t h  wind t u n n e l  t e s t s  a t  bo th  s u b s o n i c  
and low s u p e r s o n i c  speeds .  Coherent  a n t i- S t o k e s  Raman s p e c t r o s c o p y  w i l l  be used t o  o b t a i n  
i n s t a n t a n e o u s  measurements o f  t u r b u l e n c e  and heat release f o r  a i d  i n  f u t u r e  model development. T h i s  
w 2 l l  be t h e  f i rs t  time t h i s  i n f o r m a t i o n  is o b t a i n e d  i n  a t u r b u l e n t  s u p e r s o n i c  flame. Hydrogen 
i n j e c t i o n  i n t o  a Mach 18 f low w i l l  be i n v e s t i g a t e d  u s i n g  t h e  newly v a l i d a t e d  shock t u n n e l  t o  o b t a i n  
combustion and mixing rates f o r  deve lop ing  an unders tand ing  o f  t h e  p h y s i c s  a t  extremely high speeds .  
The j o i n t  NASA/Defense Advanced Research P r o j e c t s  Agency (DARPA) program on combined cycle e n g i n e s  
w i l l  c o n t i n u e  i n t o  t h e  f a b r i c a t i o n  phase.  

I n  s u p e r m a n e u v e r a b i l i t y  and powered- l i f t  p r o p u l s i o n  technology f o r  vertical and s h o r t  t a k e o f f  and 
l a n d i n g  a p p l i c a t i o n s ,  d e t e r m i n a t i o n  o f  t h e  performance of  t h e  U.S./Canadian e j e c t o r  model f o r  t h r u s t  
augmentat ion w i l l  be conducted i n  FY 1987. The e j e c t o r  s y s t e m  w i l l  be c a l i b r a t e d  a t  t he  Lewis 
Research Cen te r  p r i o r  t o  t e s t i n g  w i t h  a i r  flow i n  t h e  40xt10-foot wind t u n n e l  a t  t h e  Ames Research 
Center .  The complete  Genera l  Dynamics E-7 ejector s y s t e m  w i l l  be t e s t e d  a t  t h e  Lewis Research Cen te r  
on t h e  new powered- l i f t  r i g  t o  de te rmine  t h e  d e t a i l s  of  p r e s s u r e  drop and flow d i s t r i b u t i o n  on a 
r e p r e s e n t a t i v e  c o n f i g u r a t i o n .  T e s t i n g  of t h e  v e c t o r e d- t h r u s t  model f o r  h o t  g a s  i n g e s t i o n  e v a l u a t i o n s  
w i l l  be completed i n  FY 1987. 

Under small e n g i n e s ,  d e s i g n s  w i l l  be completed on r o t a t i n g  and s t a t i o n a r y  components f o r  small g a s  
t u r b i n e s  u t i l i z i n g  materials such  as  ceramic and ceramic compos i t e s  t h a t  w i l l  e n a b l e  t h e  system t o  
o p e r a t e  a t  h igher  t e m p e r a t u r e s  wi th  minimal c o o l i n g  f o r  i n c r e a s i n g  cycle e f f i c i e n c y  and reduc ing  
c o o l i n g  p e n a l t y .  Development w i l l  beg in  on a n a l y t i c a l  3-D v i s c o u s  codes  wi th  moving c o o r d i n a t e s  which 
w i l l  g u i d e  new d e s i g n s  f o r  h i g h- e f f i c i e n c y  components f o r  h igh- temperature  and stress c o n d i t i o n s .  I n  
i n t e r m i t t e n t  combustion r e s e a r c h ,  t h e  d i g i t a l  e l e c t r o n i c  h igh- pressure  f u e l - i n j e c t i o n  system d e s i g n  
w i l l  be  completed and f a b r i c a t i o n  begun. Comparison between t h e  b a s e l i n e  performance o f  t h e  r o t a r y  
test r i g  and computer model w i l l  be complete  and improvements t o  t h e  code under taken.  High wear- 
r e s i s t a n t  i n s e r t s  w i l l  be  cast i n t o  t h e  g r a p h i t e- r e i n f o r c e d  magnesium hous ings  t o  p r o v i d e  a b e t t e r  
seal s u r  face . 
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I n  t h e  area o f  advanced i ns t r umen ta t i on  research, wi th i t s  focus on high- temperature sensors for use 
with ceramics and other  high- temperature ma te r i a l s ,  research w i l l  be cont inued on development of 
technology f o r  high- temperature e l e c t r o n i c  devices based on s i l i c o n  carbide.  Emphasis i s  on improv ing 
c r y s t a l  p u r i t y ,  ob ta i n i ng  a new c r y s t a l l i n e  s t r u c t u r e  capable o f  ope ra t i on  a t  600 degrees cent igrade,  
and the  success fu l  f a b r i c a t i o n  i n  FY 1967 o f  a s i l i con- ca rb i de  diode. 

Research emphasis i n  ICFM w i l l  be p laced on advanced a l go r i t hm  development t o  decrease computation 
t ime  f o r  high-speed flows, by i n v e s t i g a t i n g  e f f i c i e n t  techniques f o r  use with p a r a l l e l  processors, and 
t o  extend s ta te- o f- the- ar t  e x t e r n a l  f l ow  a lgo r i thms t o  i n t e r n a l  f lows, i n  p a r t i c u l a r ,  those with 
p e r i o d i c  unsteadiness as occur i n  turbomachinery. A d d i t i o n a l  emphasis w i l l  be p laced on g r i d  
generat ion techniques t o  e l im ina te  e r r o r s  t h a t  can develop i n  c a l c u l a t i o n s  o f  high-speed f lows  by 
sma l l  g r i d  e r r o r s  occu r r i ng  i n  the  extremely t h i n  shock l a y e r  regions.  I n  add i t i on ,  advanced 
computat ional  techniques w i l l  be app l i ed  i n  areas o f  s p e c i a l  i n t e r e s t  i n c l u d i n g  unsteady f lows  with 
shear l a y e r s  t o  i n v e s t i g a t e  the  e f f e c t  o f  shear l a y e r  e x c i t a t i o n  on m ix ing  con t ro l ;  c r i t i c a l  p h y s i c a l  
phenomena f o r  high-speed f lows  t o  determine t he  c h a r a c t e r i s t i c s  and ex ten t  o f  imbedded regions,  such 
as subsonic pockets; two-phase m ix i ng  f l ows  t o  study ways t o  improve combustion and determine 
s t a b i l i t y  boundaries; r e a c t i n g  f l ows  i n c l u d i n g  chemical  k i n e t i c s  and heat t r a n s f e r ;  and d e t a i l e d  
exper imenta l  s t ud ies  of h i g h l y  sheared f lows. Benchmark v a l i d a t i o n  experiments w i l l  be performed f o r  
h i gh  Mach number f l ows  i n  complex ducts, v a r i a b l e  geometry supersonic i n l e t s ,  and unconvent iona l  
v a r i a b l e  geometry nozzles with expansion on the  veh i c l e  af terbody.  
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1Vbb 1987 
1985 Budget C u r r e n t  Budget 

Actual Estimate E s t  imate E s t  ima t e 
(Thousands o f  D o l l a r s )  

Materials and s t r u c t u r e s  r e s e a r c h  and 
t echno logy  .......................... 

OBJECTIVES AND STATUS 

27,800 28, (1130 39, oil0 

The o b j e c t i v e s  o f  t h e  materials and structures r e s e a  ch and technology program are to :  ( 1 )  
i n v e s t i g a t e  and c h a r a c t e r i z e  advanced metallic, ceramic, polymer, and composi te  materials; ( 2 )  deve lop  
s t ructural  c o n c e p t s  and d e s i g n  methods t o  e x p l o i t  t h e  u s e  o f  advanced materials i n  a i r c r a f t ;  ( 3 )  
advance a n a l y t i c a l  and e x p e r i m e n t a l  methods f o r  de te rmin ing  t h e  behav io r  of  a i r c r a f t  structures i n  
f l i g h t  environments ;  and (4) g e n e r a t e  r e s e a r c h  d a t a  t o  promote improvements i n  performance,  safe ty ,  
d u r a b i l i t y ,  and economy i n  aircraft .  Areas o f  emphasis i n c l u d e  high- temperature  e n g i n e  and airframe 
materials and s t r u c t u r a l  concep t s ;  composi te  materials a p p l i c a t i o n ,  l i f e  p r e d i c t i o n ,  and the rmal  and 
dynamic response ,  i n c l u d i n g  a e r o e l a s t i c i t y ;  and more a c c u r a t e  and e f f i c i e n t  i n t e g r a t e d  d e s i g n  methods 
f o r  airframes and engines .  

S i g n i f i c a n t  improvements i n  t h e  performance o f  t u r b i n e  e n g i n e s  and a i r f r a m e  s t r u c t u r e s  can  be  
r e a l i z e d  th rough  r e s e a r c h  i n  t h e  r a p i d  s o l i d i f i c a t i o n  o f  metals. Ongoing s t u d i e s  are d i r e c t e d  toward 
deve lop ing  a g r e a t e r  unders tand ing  of  t h e  i n t e r r e l a t i o n s h i p s  among a l l o y  compos i t ion ,  m i c r o s t r u c t u r e ,  
p r o c e s s i n g  pa ramete r s ,  and mechanical p r o p e r t i e s .  T h i s  is p a r t i c u l a r l y  i m p o r t a n t  i n  t h e  e x p l o i t a t i o n  
o f  t h e  i n n o v a t i v e  r a p i d l y  s o l i d i f i e d  s u p e r a l l o y s  and i n t e r m e t a l l i c s  now under s t u d y  f o r  high-  
tempera tu re  a p p l i c a t i o n .  The o p p o r t u n i t y  f o r  an  o p e r a t i n g  t empera tu re  i n c r e a s e  of  up t o  200- degrees 
F a h r e n h e i t  a p p e a r s  p o s s i b l e .  Fur thermore ,  r e c e n t  r e s u l t s  i n d i c a t e  t h a t  r a p i d l y  s o l i d i f i e d  aluminum 
powder a l l o y s  can be p rocessed  t o  achieve 20 p e r c e n t  g r e a t e r  s t r eng th - to -we igh t  ra t ios  wi th  a c c e p t a b l e  
toughness  f o r  advanced airframe a p p l i c a t i o n .  

Advances i n  s t r u c t u r a l  mechanics are r e q u i r e d  f o r  d e s i g n  v e r i f i c a t i o n  o f  e f f i c i e n t ,  f a u l t - t o l e r a n t  
advanced composi te  a i rc raf t  s t r u c t u r a l  c o n c e p t s  s u b j e c t e d  t o  v a r i o u s  l o a d s  and d i s c o n t i n u i t i e s .  
Computat ional  s t r u c t u r a l  mechanics,  a major t h r u s t  beg inn ing  i n  FY 1986, is focused around t h e  
development of advanced s t r u c t u r a l  a n a l y s i s  and computa t iona l  methods t h a t  e x p l o i t  advances  i n  
computer hardware such  as  t h e  a p p l i c a t i o n  of  m u l t i p l e  p r o c e s s o r s  and c o n c u r r e n t  p r o c e s s i n g  
c a p a b i l i t y .  I n i t i a l  s t u d i e s  a d d r e s s  a n a l y s i s  problems o f  l a r g e  d i s p l a c e m e n t s  i n  f l a t  and curved 
s t i f f e n e d  composi te  pane l s .  
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A n a l y t i c a l  s t u d i e s  wi th  exper imenta l  v a l i d a t i o n  t e s t i n g  have cont inued t o  show t h a t  composite panels 
can e x h i b i t  s u b s t a n t i a l  pos t- buck l ing  s t r e n g t h  of up t o  80 percent  o f  t he  unbuckled s t r e n g t h  under 
combined compression and shear loading.  I n t e r i o r  damage mechanisms f o r  q u a s i- i s o t r o p i c  laminates  
sub jec ted t o  bending have been charac te r i zed  with and w i t h o u t  open cutouts.  Advances i n  non l i nea r  
a n a l y s i s  c a p a b i l i t y  t o  p r e d i c t  compressive s t r e n g t h  i n  th ick  s e c t i o n s  cont inue t o  be made wi th  
s i g n i f i c a n t  progress i n  code development. 

The a e r o e l a s t i c i t y  program cont inues t o  develop and v a l i d a t e  the  technology r e q u i r e d  f o r  a c t i v e  
c o n t r o l  o f  s t r u c t u r a l  response f o r  increased a i r c r a f t  performance through re laxed  s t a t i c  s t a b i l i t y ,  
f l u t t e r  suppression, and gust  l o a d  a l l e v i a t i o n .  T h e o r e t i c a l  and exper imenta l  s t u d i e s  on unsteady 
aerodynamics, with major emphasis on the  t ranson ic  reg ion,  have developed the c a p a b i l i t y  f o r  accurate 
a n a l y s i s  o f  a th ick s u p e r c r i t i c a l  t r a n s p o r t  wing. Advanced non l i nea r  code development has been 
s u c c e s s f u l l y  extended t o  i n c l u d e  s t rong  shock c o n d i t i o n s  and t h e  e f f e c t  o f  o s c i l l a t i n g  c o n t r o l  
sur faces and has been c o r r e l a t e d  with wind t u n n e l  r e s u l t s .  

Research on composite m a t e r i a l s  p laces  h i g h  emphasis on the  toughness and d u r a b i l i t y  o f  h i g h l y  
loaded s t ruc tu res .  New mate r ia l s ,  i n c l u d i n g  s e m i c r y s t a l l i n e s  and hybr ids ,  have been developed t o  be 
50 percent  more r e s i s t a n t  t o  impact  and f r a c t u r e  through a b e t t e r  understanding o f  t h e  r e l a t i o n s h i p s  
between m a t e r i a l / s t r u c t u r a l  mechanics and the molecular  s t ruc tu res .  Research on advanced s t r u c t u r a l  
concepts and c o n f i g u r a t i o n s  t h a t  e x p l o i t  t he  advantages o f  composite m a t e r i a l s  continues. The pr imary  
e f f o r t  i s  focused on the  p r e d i c t i o n  and c o r r e l a t i o n  o f  s t r u c t u r a l  behav ior  o f  post- buckled s t i f f e n e d  
composite panels and development o f  f a i l u r e  t h e o r i e s  for composite s t ruc tu res .  

The research program t o  develop ceramic m a t e r i a l s  f o r  h o t  s e c t i o n  components f o r  gas t u r b i n e  engines 
i s  cont inu ing.  Ceramics p rov ide  for h igher  temperature c a p a b i l i t y  than  metals (up t o  23UO degrees 
Fahrenhe i t )  b u t  c u r r e n t l y  s u f f e r  from r e l i a b i l i t y  problems. Dur ing  FY 1986 process ing s t u d i e s  f o r  
f law- free s i l i c o n - n i t r i d e  and s i l i c o n- c a r b i d e  m a t e r i a l s  cont inued t o  show advancement. Research i n t o  
the  f a b r i c a t i o n  o f  ceramic composites f o r  g rea te r  toughness was i n i t i a t e d .  Considerable progress  has 
been made i n  the  understanding o f  t h e  chemistry,  k i n e t i c s  ana e f f e c t s  on s t r e n g t h  o f  h o t  c o r r o s i o n  
a t t a c k  on s i l i c o n  n i t r i d e .  F r a c t u r e  mechanics research has concentrated on the  development o f  
r e l i a b l e  c rack  growth c h a r a c t e r i z a t i o n  methods f o r  m o n o l i t h i c  ceramic m a t e r i a l s  a t  e levated 
temperatures. I n i t i a l  r e s u l t s  show promise f o r  the  development o f  improved models i n  these areas. 

Hypersonic m a t e r i a l s  and s t r u c t u r e s  research i s  a new area o f  emphasis i n  FY 1986. I n n o v a t i v e  
a i r f rame and p ropu ls ion  concepts a re  be ing explored. I n  b o t h  areas, research w i l l  be d i r e c t e d  toward 
the  development of new l i g h t w e i g h t  s t r u c t u r a l  m a t e r i a l  systems t h a t  w i l l  w i ths tand the  extremely h i g h  
temperatures and pressures encounterea i n  the  hypersonic f l i g h t  regime. These systems i n c l u d e  
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m e t a l l i c  and i n t e r m e t a l l i c  composites f o r  engine a p p l i c a t i o n  and advanced t i t a n i u m  honeycomb, metal  
m a t r i x  and box- s t i f f ened  fuselage subs t ruc tu re  concepts f o r  a i r f rame app l i ca t i on .  Advanced 3-D 
a n a l y s i s  codes which dea l  w i th  complex t h e r m a l / s t r u c t u r a l / f l o w  i n t e r a c t i o n s  a re  a major thrust  o f  t he  
research f o r  t h i s  area. Ana lys i s  t o o l s  rang ing  from conceptual  design e v a l u a t i o n  through d e t a i l  
s t r u c t u r a l  o p t i m i z a t i o n  w i l l  be developed. 

CHANGES FROM FY 1986 BUDGET ESTIHATE 

The m a t e r i a l s  and s t r u c t u r e s  research and technology program has been increased by $1.5 m i l l i o n  t o  
support  hypersonics technology. 

BASIS OF FY 1987 ESTIMATE 

Research on high- temperature engine m a t e r i a l s  w i l l  emphasize improved d u r a b i l i t y  and r e l i a b i l i t y  o f  
ceramics, thermal  b a r r i e r  coa t ings  f o r  t u r b i n e  blades, and advanced i n t e r m e t a l l i c s .  Research e f f o r t s  
w i l l  focus on the  development of a d e t a i l e d  understanding o f  the  s i n t e r i n g ,  h o t  i s o s t a t i c  press ing,  
and powder processes i n  order  t o  l i m i t  t h e  number o f  s t rength- reduc ing f l aws  i n  high- temperature 
ceramic m a t e r i a l s  and achieve a t  l e a s t  a doub l ing  o f  t he  We ibu l l  f a i l u r e  modulus. Increased emphasis 
w i l l  be p laced on the  development o f  tough ceramic and advanced i n t e r m e t a l l i c  m a t r i x  composites and 
s t u d i e s  o f  m a t r i x / f i b e r  i n t e r f a c e  e f f e c t s .  New thermal  b a r r i e r  coa t ings  wi th  t w i c e  the  r e s i s t a n c e  t o  
e ros ion  and f o r e i g n  o b j e c t  damage w i l l  be i d e n t i f i e d .  Advanced i n t e r m e t a l l i c  a l l o y s  w i l l  be developed 
with a 40-percent d u c t i l i t y  and s t r e n g t h  increase a t  e leva ted  temperatures. 

Stud ies  t o  understand the  fundamental f a t i g u e  and f r a c t u r e  behavior  o f  exper imental  and eng ineer ing 
m a t e r i a l s  w i l l  cont inue i n  order  t o  develop r e l i a b l e  l i f e  p r e d i c t i o n  methods. The work w i l l  
concent ra te  on t h e  de te rm ina t ion  o f  t he  f a t i g u e  behavior  o f  powder aluminum a l l o y s  and t h e  development 
o f  f r a c t u r e  t h e o r i e s  f o r  these d u c t i l e  metals. Spec ia l  a t t e n t i o n  w i l l  be g i v e n  t o  developing 
non l i nea r  a n a l y s i s  t h a t  p r e d i c t s  t h e  growth r a t e s  o f  very  s h o r t  cracks. Advanced m e t a l l i c  f a b r i c a t i o n  
concepts such as s u p e r p l a s t i c  forming o f  h igh- s t reng th  aluminum w i l l  be developed t o  p rov ide  4b 
percent  l i g h t e r  weight  e f f i c i e n t  a i r f r a m e  s t ruc tu res .  

Composites research and technology e f f o r t s  w i l l  emphasize toughness, d u r a b i l i t y ,  and p r o c e s s a b i l i t y  
o f  m a t e r i a l s  and low-cost, e f f i c i e n t ,  and h i g h l y  loaded advanced s t r u c t u r a l  concepts. I n  a d d i t i o n  t o  
the  development and c h a r a c t e r i z a t i o n  o f  newer thermoset and the rmop las t i c  r e s i n  systems, m a t e r i a l s  
research w i l l  concent ra te  on advanced m a t e r i a l  forms and f a b r i c a t i o n  technology, such as 3-D weaving, 
t o  achieve a 1 0 b p e r c e n t  increase i n  r e s i s t a n c e  t o  impact and i n t e r l a m i n a r  s t rength .  Pr imary emphasis 
o f  t he  program w i l l  be t o  understand the  i n t e r a c t i o n  and r e l a t i o n s h i p  between new f i b e r  and r e s i n  
system p r o p e r t i e s  and s t r u c t u r a l  c h a r a c t e r i s t i c s  and f a i l u r e  modes, and t o  develop micromechanical 
behavior  models. 
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I n  t h e  structures area, s i g n i f i c a n t  e f f o r t  w i l l  be  devoted t o  t h e  development o f  c o n c e p t s  ana  
c o n f i g u r a t i o n s  which e f f e c t i v e l y  u t i l i z e  t h e  a n i s o t r o p i c  p r o p e r t i e s  o f  compos i t e s  t o  a c h i e v e  t h e  most 
e f f i c i e n t  s t r u c t u r a l  d e s i g n s  by a f a c t o r  o f  two i n  terms o f  c o s t ,  weight ,  and damage t o l e r a n c e .  The 
major t h r u s t  of  t h i s  e f f o r t  w i l l  be t h e  development o f  s t r u c t u r a l  s i z i n g  and a n a l y s i s  methods based on 
s t ruc tura l  t a i l o r i n g  f o r  s t i f f n e s s  and s t r e n g t h  a t  both  t h e  l o c a l  and g l o b a l  levels. Local  t a i l o r i n g  
a t  s i t e s  o f  l o a d  i n t r o d u c t i o n  and d i s c o n t i n u i t i e s  can have a s i g n i f i c a n t  impact  on i n c r e a s e d  
r e s i s t a n c e  t o  damage and weight a a v a n t a g e s  a s s o c i a t e d  wi th  j o i n t s ,  a t t a c h m e n t s ,  and l o c a l  stress 
risers. Globa l  or  component l e v e l  s t r u c t u r a l  t a i l o r i n g  f o r  s t i f f n e s s  and s t r e n g t h ,  i n c l u d i n g  
a e r o e l a s t i c  e f f e c t s ,  p r o v i d e s  major advances  i n  s t ructural  weight  e f f i c i e n c y  ana becomes 
i n t e r d i s c i p l i n a r y  because  o f  t h e  a t t e n d a n t  e f f e c t s  on f l i g h t  c o n t r o l s  and aerodynamics.  The 
unconven t iona l  placement o f  composi te  material wi th  h i g h l y  d i r e c t i o n a l  p r o p e r t i e s  t o  achieve t h e  
d e s i r e d  effects  w i l l  r e q u i r e  s i g n i f i c a n t  advances  i n  unders tand ing  p r o p e r t i e s ,  l o a d i n g  e f f e c t s ,  
fa i lure  c h a r a c t e r i s t i c s ,  and t h e  development o f  3-0 a n a l y s i s  and p r e d i c t i o n  methods. N e w  t e s t i n g  
methods w i l l  be r e q u i r e d  t o  d e f i n e  f a i l u re  models and v e r i f y  a n a l y s i s  p rocedures .  

The dynamics and a e r o e l a s t i c i t y  program w i l l  c o n t i n u e  t o  emphasize t h e  development o f  improved 
a n a l y t i c a l  t o o l s  f o r  p r e d i c t i n g  uns teady  aerodynamic p r e s s u r e s ,  p a r t i c u l a r l y  i n  t h e  t r a n s o n i c  speed  
range ,  and t h e  a e r o e l a s t i c  r e sponse  of wings and e n g i n e  t u r b i n e  b l a d e s .  A n a l y s i s  methods w i l l  be 
v e r i f i e d  th rough  systematic tests o f  bo th  i d e a l i z e d  and t r u e- s c a l e  a i r f o i l s  and w i l l  c o n c e n t r a t e  on 
n o n l i n e a r  3-D flow e f f e c t s .  T h i s  e f f o r t  w i l l  p r o v i d e  t h e  b a s i s  f o r  a s i g n i f i c a n t  advance i n  t h e  
development o f  a c t i v e  c o n t r o l  technology.  

I n  t h e  area o f  i n t e g r a t e d  a n a l y s i s  and o p t i m i z a t i o n ,  e f f o r t s  w i l l  c o n c e n t r a t e  on t h e  development o f  
methods i n  computa t iona l  s t r u c t u r a l  mechanics f o r  t h e  a n a l y s i s  o f  complex a e r o s p a c e  v e h i c l e s .  
Emphasis w i l l  be p l a c e d  on methods f o r  p r e d i c t i n g  n o n l i n e a r  t r a n s i e n t  dynamics and on t h e  development 
o f  new s o l u t i o n  t e c h n i q u e s  t h a t  take advan tage  o f  advanced computer hardware/sof tware  c o n c e p t s ,  e.g., 
p a r a l l e l  p r o c e s s i n g  and hybr id  a n a l y s i s  t echn iques .  I n  a d d i t i o n ,  work w i l l  c o n t i n u e  i n  t h e  
development of methodology f o r  m u l t i d i s c i p l i n a r y  d e s i g n  o f  a i r c ra f t  v e h i c l e s .  The number of 
p a r a m e t e r s  t a k e n  i n t o  accoun t  i n  t h e  o p t i m i z a t i o n  p rocedures  w i l l  be  expanded t o  i n c l u d e  v e h i c l e  
aerodynamic shape and active c o n t r o l s ,  as well as s t r u c t u r a l  d e s i g n  c o n s t r a i n t s .  A focused s t u d y  w i l l  
be i n i t i a t e d  t o  val idate  t h e  approach on an advanced f i g h t e r  c o n f i g u r a t i o n .  

An augmented e f f o r t  w i l l  c o n c e n t r a t e  on t h e  d e t a i l e d  a i r l o a d s  exper iments  needed t o  c o r r e l a t e  
p r e d i c t i o n s  o f  r o t o r c r a f t  n o i s e  and v i b r a t i o n .  P ressure- ins t rumented  b l a d e s  w i l l  be flown on t h e  
Boeing Model 360 and t h e  UH-60 h e l i c o p t e r s .  Also ,  d e t a i l e d  p r e s s u r e  measurements w i l l  be t a k e n  o f  t h e  
new high- speed c o n d i t i o n s  i n  t h e  40xt10-foot wind t u n n e l  on a f u l l - s c a l e  r o t o r .  S imul taneous  a c o u s t i c  
and l o a d s  measurements w i l l  be t a k e n  f o r  t h e  first  time. T h i s  a c t i v i t y  w i l l  be t h e  beg inn ing  o f  t h e  
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use of power fu l  computer codes and the comprehensive data  bases t h a t  w i l l  l e a d  t o  concepts f o r  t h e  
des i red  80-percent no ise  r e d u c t i o n  and t h e  r e d u c t i o n  o f  v i b r a t i o n  t o  t r a n s p o r t  l e v e l s .  Promis ing 
no ise  and v i b r a t i o n  r e d u c t i o n  techniques w i l l  be pursued t o  demonstrate qu ie t ,  " jet- smooth" 
operat ion.  The p rev ious  r o t o r c r a f t  s t r u c t u r a l  dynamic modeling r e s u l t s  w i l l  form the  b a s i s  f o r  t h i s  
e f f o r t .  The o t h e r  major t e c h n i c a l  thrust i n  t h i s  program w i l l  i n v o l v e  t h e  development o f  r o t o r c r a f t -  
coupled r o t o r- a i r f r a m e  dynamic response p r e d i c t i o n  c a p a b i l i t y .  This w i l l  then enable a i r f r a m e  
s t r u c t u r a l  o p t i m i z a t i o n  f o r  complex v i b r a t i o n  and acous t i c  loads. This a c t i v i t y  w i l l  i n c l u d e  t h e  
dynamic t e s t i n g  o f  a l l  c r i t i c a l  r o t o r c r a f t  components t o  generate a comprehensive data  base f o r  
v a l i d a t i o n  o f  advanced a n a l y t i c a l  methods. The program w i l l  a l s o  a l l o w  unique r o t o r  and a i r f r a m e  
concepts t o  be def ined and eva luated and w i l l  encompass e f f o r t s  t o  enhance bas ic  understanding o f  
aeroacoust ics,  b lade dynamics and a e r o e l a s t i c i t y ,  and e f f e c t i v e  u t i l i z a t i o n  o f  advanced m a t e r i a l s  f o r  
a i r f rame design concepts. 

I n  FY 1987, more emphasis w i l l  be p laced on hypersonic research. M a t e r i a l  and s t r u c t u r a l  concepts 
t o  enable a high-speed, high- temperature v e h i c l e  w i l l  cont inue t o  be developed. I n n o v a t i v e  
f a b r i c a t i o n  schemes f o r  u l t r a - l i g h t w e i g h t ,  h i g h  s t i f f n e s s  ana s t r e n g t h  s t r u c t u r e s  w i l l  be explored. 
Thermal /s t ruc tura l / f low a n a l y s i s  and m u l t i d i s c i p l i n a r y  o p t i m i z a t i o n  techniques w i l l  be expanded t o  
cover the  e n t i r e  f l i g h t  regime. E v a l u a t i o n  o f  tankage concepts f o r  c ryogen ic  f u e l s  and methods fo r  
a c t i v e  thermal  management o f  i n t e g r a t e d  engine/ai r f rame designs w i l l  be developed. 
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1986 1967 
1985 Budqet Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  D o l l a r s )  

I n f o r m a t i o n  sc iences research and 
technology.... ...................... 21,lIJr.J 22,506 24,900 26, aoo 

OBJECTIVES AND STATUS 

The o b j e c t i v e s  of the  i n f o r m a t i o n  sciences research and technology program a re  t o  exp lo re  the  
fundamental p r i n c i p l e s  u n d e r l y i n g  aerospace computing, t o  understand t h e  r e l a t i o n s h i p  and t r a d e o f f s  
between a lgo r i t hms  and computing a r c h i t e c t u r e s ,  and t o  develop advanced computat ional  concepts and 
system a rch i tec tu res .  The program suppor ts  research i n  concur rent  processing, r e l i a b l e  computing, 
sof tware engineer ing,  and la rge- sca le  s c i e n t i f i c  computa t iona l  f a c i l i t i e s  f o r  aeronaut ics  research. 

Concurrent process ing research addresses system a r c h i t e c t u r e s  and a lgo r i t hms  for  computa t iona l l y  
i n t e n s i v e  problems i n  aeronaut ics,  such as computat ional  f l u i d  dynamics, computat ional  chemistry,  and 
s t r u c t u r a l  dynamics. The b e n e f i t s  obta ined from these computat ions are  bo th  e s s e n t i a l  and s u b s t a n t i a l  
b u t  remain l i m i t e d  by the  performance o f  t he  most advanced equipment and software. The concur rent  
process ing work i s  concen t ra t i ng  on e x p l o i t i n g  p a r a l l e l  p rocess ing techniques t o  increase 
computat ional  power f o r  aeronaut ics  computations. I n  1985 t h e  a b i l i t y  t o  s imula te  p a r a l l e l  p rocess ing 
and a r c h i t e c t u r e s  was demonstrated. This demonstrat ion proved t h e  concept and i s  t h e  b a s i s  fo r  
c o n t i n u i n g  work a long t h i s  l i n e  t o  improve the f i d e l i t y  and t h e  scope o f  t h e  s imu la t i on .  That 
s i m u l a t i o n  p rov ides  a power fu l  t o o l  f o r  developing improved computer so f tware  and a rch i tec tu res .  Work 
i s  a l s o  underway t o  develop p a r a l l e l  and d i s t r i b u t e d  computer systems t h a t  a re  p r a c t i c a l  f o r  aerospace 
veh ic les .  

The Research I n s t i t u t e  f o r  Advanced Computer Science (RIACS) i s  j us t  beg inn ing the  f i n a l  year o f  i t s  
three- year s ta r t- up  phase and has e s t a b l i s h e d  i t s e l f  i n  t h e  n a t i o n ' s  computing research community. 
Much o f  t he  e f f o r t  i s  concent ra ted on a n a l y s i s  o f  new p a r a l l e l  p rocess ing computers. An I n t e l  
hypercube machine i s  now be ing used t o  suppor t  t h e  research i n t o  t h e  c l a s s  o f  h i g h l y  p a r a l l e l  machines 
t h a t  do n o t  share common memory. 

Software eng ineer ing work concent ra tes  on the  p roduc t ion  o f  r e l i a b l e  so f tware  and computers. A 
study and experiment concerning the  fundamental b a s i s  f o r  f a u l t - t o l e r a n t  designs l e d  t o  a s u r p r i s i n g  
f i n d i n g  t h a t  redundant ve rs ions  o f  so f tware  d i d  n o t  g i v e  n e a r l y  the  expected improvement i n  
r e l i a b i l i t y  due t o  the  f a c t  t h a t  so f tware  f a u l t s  a re  n o t  independent. This impor tan t  f i n d i n g  i s  t h e  
b a s i s  f o r  a d d i t i o n a l  s t u d i e s  and experiments wi th  sof tware  and f a u l t - t o l e r a n t  designs. Work i s  
underway t o  develop techniques f o r  t e s t i n g  and v e r i f y i n g  r e l i a b l e  sof tware.  
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A major o b j e c t i v e  of t he  computer sc ience and a p p l i c a t i o n s  program i s  t o  p rov ide  s ta te- o f- the- ar t  
high-performance computat ional  f a c i l i t i e s  fo r  aeronaut ics  research. Ames Research Center operates a 
Cyber 205 and Cray XMP-22 a t  the  c e n t r a l  computer f a c i l i t y .  This system p rov ides  v i t a l  computa t iona l  
support  t o  researchers i n  f l u i d  dynamics, chemistry,  and thermal  and s t r u c t u r a l  ana lys is .  

CHANGES FRM FY 1986 BUOGET ESTIMATE 

The i n f o r m a t i o n  sciences research and technology program i n c l u d e s  an increase o f  $2.4 m i l l i o n ,  which 
r e f l e c t s  the  c o n s o l i d a t i o n  o f  fund ing f o r  Ames Research Center 's  c e n t r a l  computer f a c i l i t y  i n t o  t h i s  
budget l i n e .  

BASIS OF FY 1987 ESTIMATE 

I n  concur rent  processing, work w i l l  focus on us ing  concur rent  process ing t o  speed s o l u t i o n s  t o  
i n c r e a s i n g l y  complex aerospace computat ional  problems. R I A C S  w i l l  d i r e c t  i t s  energ ies  on technology 
t o  g r e a t l y  improve the p r o d u c t i v i t y  of aeronaut ics  research s c i e n t i s t s  th rough computa t iona l  systems 
employing a r t i f i c i a l  i n t e l l i g e n c e  and very  high-performance computing a rch i tec tu res .  Computer sc ience 
researchers  a t  R I A C S  w i l l  work i n  c o n j u n c t i o n  w i t h  computa t iona l  phys ics  exper t s  i n  advancing 
c a p a b i l i t i e s  t o  so l ve  aerospace computa t iona l  problems. 

E f f o r t s  i n i t i a t e d  i n  FY 1985 w i l l  cont inue t o  i n v o l v e  u n i v e r s i t i e s  i n  fundamental computer sc ience 
research. Research areas i n c l u d e  mu l t i p rocessor  p a r a l l e l  a r c h i t e c t u r e s ,  d i s t r i b u t e d  process ing 
a r c h i t e c t u r e s ,  and multiple-instruction/multiple-data a r c h i t e c t u r e s  f o r  supercomputers. Techniques t o  
automate the  product ion,  eva luat ion ,  and v a l i d a t i o n  o f  so f tware  t o  enable t h e  c o s t - e f f e c t i v e  
p roduc t ion  o f  h i g h l y  r e l i a b l e  so f tware  a r e  research top ics .  

Cooperat ion with DOD i n  sof tware development w i l l  i n c l u d e  i n t e r f a c e s  wi th  t h e  Software Eng ineer ing 
I n s t i t u t e  and sof tware  technology f o r  adaptable r e l i a b l e  systems programs. Development o f  so f tware  
eng ineer ing techniques needed t o  produce r e l i a b l e  and a f f o r d a b l e  so f tware  w i l l  cont inue with some 
emphasis on maximizing the  b e n e f i t s  o f  u t i l i z i n g  t h e  Ada programming language. 

Support f o r  t h e  supercomputer f a c i l i t i e s  a t  Ames Research Center w i l l  be continued. M a r s h a l l  Space 
F l i g h t  Center w i l l  complete development of a d i g i t a l  high-speed network t o  l i n k  agency supercomputer 
f a c i l i t i e s  a t  Lewis Research Center, Ames Research Center, and Langley Research Center. That 
c a p a b i l i t y  w i l l  merge with the program support  communications network and w i l l  become an o p e r a t i o n a l  
network a t  t h e  conc lus ion o f  t he  development. 
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1986 1987 
1985 Budqet C u r r e n t  Budget 

Actual Estimate Estimate Estimate 
(Thousands o f  Dollars) 

C o n t r o l s  and guidance r e s e a r c h  and 
t echno logy  .......................... 20,600 22,100 22,100 24,500 

OBJECTIVES AND STATUS 

The o b j e c t i v e s  o f  t h e  c o n t r o l s  and gu idance  r e s e a r c h  and t echno logy  program are t o :  ( 1 )  deve lop  
advanced c o n t r o l s  and guidance t h e o r i e s  and a n a l y s i s  methods f o r  e x t e n d i n g  t h e  performance enve lope  
and r e l i a b i l i t y  o f  h i g h l y  augmented f u t u r e  a i rcraf t ;  ( 2 )  i n v e s t i g a t e  emerging c o n t r o l s ,  gu idance ,  
a r t i f i c i a l  i n t e l l i g e n c e  and d i s p l a y  t e c h n o l o g i e s  which o f f e r  f u t u r e  a l t e r n a t i v e  approaches  f o r  
c o n t i n u e d  a v i a t i o n  safety,  e f f e c t i v e n e s s ,  and e f f i c i e n c y ;  (3 )  develop architectures f o r  f l i g h t - c r u c i a l  
systems f o r  fu tu re  a i r c r a f t  and d e v i s e  a n a l y t i c a l  methods and t e c h n i q u e s  f o r  a s s e s s i n g  t h e  r e l i a b i l i t y  
and performance o f  complex i n t e g r a t e d  f a u l t - t o l e r a n t  systems; ( 4 )  aeve lop  methods f o r  more e f f i c i e n t  
and safe t r a n s p o r t  a i r c ra f t  o p e r a t i o n s  i n  t h e  n a t i o n a l  a i r s p a c e  system; and ( 5 )  e x p l o r e  new c o n c e p t s  
f o r  a c h i e v i n g  i n t e g r a t i o n  o f  m u l t i d i s c i p l i n a r y  t e c h n o l o g i e s .  Major g e n e r i c  program e l e m e n t s  are 
c o n t r o l  t h e o r y ,  guidance and d i s p l a y  c o n c e p t s ,  and f l i g h t - c r u c i a l  systems. V e h i c l e  s p e c i f i c  program 
elements a d d r e s s  s u b s o n i c  t r a n s p o r t s ,  r o t o r c r a f t ,  high- performance a i rcraf t ,  and hyperson ic  v e h i c l e s .  

C o n t r o l  t h e o r y  r e s e a r c h  i n c l u d e s  ac t iv i t i e s  on a n a l y t i c a l  methods, c r i t e r i a  and g u i d e l i n e s ,  c o n t r o l s  
modeling,  and a p p l i c a t i o n s .  Methods f o r  a n a l y z i n g  and s i m u l a t i n g  reconfigurable/restructurable 
c o n t r o l  systems c o n t i n u e  t o  be a major focus ,  wi th  t h e  o b j e c t i v e  o f  a u t o m a t i c  f a i l u r e  d e t e c t i o n  and 
i d e n t i f i c a t i o n ,  parameter  e s t i m a t i o n ,  and c o n t r o l l e r  d e s i g n  t o  accommodate u n a n t i c i p a t e d  f a i l u r e s  i n  
real time. C e n t r a l i z e d  and d e c e n t r a l i z e d  fa i lu re  d e t e c t i o n  and i d e n t i f i c a t i o n  (FDI) t e c h n i q u e s  are 
be ing  i n v e s t i g a t e d .  The i n i t i a l  a s sessment  of  c e n t r a l i z e d  FDI t e c h n i q u e s  i n d i c a t e s  t h e  o r t h o g o n a l  
ser ies  g e n e r a l i z e d  l i k e l i h o o d  r a t i o  method o f f e r s  t h e  most p o t e n t i a l .  Handling q u a l i t i e s  c r i t e r i a  
r e s e a r c h ,  which h a s  c o n c e n t r a t e d  on new time domain methods f o r  superaugmented a i rcraf t ,  w i l l  be 
t e r m i n a t e d  a t  t h e  end o f  1986. 

Guidance and d i s p l a y  c o n c e p t s  r e s e a r c h  i n v e s t i g a t e s  advanced methods f o r  a c h i e v i n g  d e s i r e d  f l i g h t -  
p a t h  guidance i n  a l l - w e a t h e r o c o n d i t i o n s  and advanced d i s p l a y  t echno logy  t o  improve t h e  p r e s e n t a t i o n  of 
i n f o r m a t i o n  t o  t h e  f l i g h t  crew. I n  t h e  gu idance  c o n c e p t s  area, p r o g r e s s  h a s  been made i n  f o r m u l a t i n g  
approaches  t o  u t i l i z e  and app ly  a r t i f i c i a l  i n t e l l i g e n c e  and e x p e r t  systems technology i n  v a r i o u s  
a i r c ra f t  a p p l i c a t i o n s .  For mi l i t a ry  a i r p l a n e s ,  t h e  main t h r u s t  i n v o l v e s  f l i g h t  e v a l u a t i o n s  o f  
"automated wingman" and advanced l e a d- p i l o t  a d v i s o r  concep t s ;  f o r  c i v i l  a i r c ra f t ,  t h e  main emphasis is 
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on an e x p e r t  system t o  assist a i r  t r a f f i c  c o n t r o l l e r s .  Disp lay  c o n c e p t s  r e s e a r c h  h a s  focused  on f l a t -  
p a n e l  d i s p l a y s ,  g r a p h i c  d i s p l a y  g e n e r a t i o n ,  and th ree- dimens iona l  d i s p l a y  t echn iques .  A two-primary- 
c o l o r ,  t h i n- f i l m ,  e l e c t r o l u m i n e s c e n t ,  f l a t - p a n e l  t e s t  specimen d i s p l a y  was f a b r i c a t e d  s u c c e s s f u l l y  f o r  
t h e  first time u s i n g  superimposed r e d  and g reen  phosphor layers. 

F l i g h t - c r u c i a l  systems r e s e a r c h  h a s  c o n c e n t r a t e d  on t h e  development o f  a t echno logy  base  f o r  t h e  
d e s i g n ,  v a l i d a t i o n  and assessment o f  h i g h l y  r e l i a b l e  guidance and c o n t r o l  systems which are c r i t i c a l  
f o r  successful f l i g h t .  The a v i o n i c s  i n t e g r a t i o n  r e s e a r c h  l a b o r a t o r y  f a c i l i t y  a t  t h e  Langley Research 
Cen te r  is t h e  f o c u s  f o r  a s i g n i f i c a n t  p a r t  o f  t h i s  research, which h a s  e x t e n s i v e  i n d u s t r y  and 
u n i v e r s i t y  involvement.  Two new r e l i a b i l i t y  a n a l y s i s  computer programs have been developed t o  improve 
assessment  methodology f o r  f l i g h t - c r u c i a l  systems. One o f  t h e s e ,  t h e  semi-Markov u n r e l i a b i l i t y  r a n g e  
e v a l u a t o r ,  h a s  r e c e i v e d  very  f a v o r a b l e  comments from i n d u s t r y  because  it is very f a s t  and can d i r e c t l y  
u t i l i z e  e x p e r i m e n t a l  da ta .  The o t h e r ,  t h e  h y b r i d  automated r e l i a b i l i t y  p r e d i c t o r ,  e x t e n d s  t h e  
c a p a b i l i t y  o f  a p r e v i o u s l y  r e l e a s e d  program which is widely  used by a i r c ra f t  m a n u f a c t u r e r s  and 
guidance and c o n t r o l  companies. 

C o n t r o l s  and guidance r e s e a r c h  d i r e c t l y  a p p l i c a b l e  t o  s u b s o n i c  t r a n s p o r t s  i n c l u d e s  a c t i v i t i e s  on 
advanced t r a n s p o r t  o p e r a t i n g  systems, a i r b o r n e  Doppler r a d a r  wind- shear d e t e c t i o n ,  advanced d i g i t a l  
c o n t r o l  system a r c h i t e c t u r e s ,  and f l i g h t  s a f e t y .  A unique t r a n s p o r t  c o n t r o l  system concep t ,  c a l l e d  
t h e  t o t a l  energy c o n t r o l  system, was f l i g h t  t e s t e d  s u c c e s s f u l l y  i n  t h e  t r a n s p o r t  systems research 
v e h i c l e .  T h i s  m u l t i- i n p u t ,  mul t i- ou tpu t  c o n t r o l  system d e s i g n  demonstated t h a t  t h r o t t l e  a c t i v i t y  due  
t o  f l i g h t  pa th  p e r t u r b a t i o n s  cou ld  be reduced by i n t e g r a t i n g  a f u l l - t i m e  a u t o t h r o t t l e  t o  c o n t r o l  t h e  
t o t a l  energy o f  t h e  a ircraft  wi th  t h e  e l e v a t o r  t o  d i s t r i b u t e  t h e  energy between speed and f l i g h t - p a t h  
angle .  E x t e n s i v e  p l a n n i n g  and c o o r d i n a t i o n  w i t h  t h e  FAA h a s  t a k e n  p l a c e  t o  e s t a b l i s h  a p r a c t i c a l  
i n t e g r a t e d  four- dimensional  f l i g h t  management/time-based a i r  t r a f f i c  c o n t r o l  system program which 
would i n c l u d e  e x p e r i m e n t a l  f l i g h t  o p e r a t i o n s  a t  one o f  t h e  FAA's r e g i o n a l  c e n t e r s .  

R o t o r c r a f t  guidance and c o n t r o l s  research i n v o l v e s  unique c o n c e p t s  t o  improve t h e  o v e r a l l  
e f f e c t i v e n e s s  and u t i l i z a t i o n  o f  r o t o r c r a f t  f o r  mi l i t a ry  and c i v i l  miss ions .  A h i g h l y  p o r t a b l e ,  low- 
c o s t  beacon l a n d i n g  guidance system u s i n g  a i r b o r n e  radar t echno logy  h a s  been developed and 
successfully f l i g h t  t e s t e d .  The tests demonstra ted  t h a t  t h e  system cou ld  p rov ide  p r e c i s i o n  i n s t r u m e n t  
approach c a p a b i l i t y  f o r  h e l i c o p t e r  o p e r a t i o n s  a t  remote s i tes .  I n  c o n j u n c t i o n  w i t h  t h i s  a c t i v i t y ,  
NASA a l s o  has  worked wi th  t h e  U.S. Air Force  i n  t h e  development and f l i g h t  t e s t i n g  o f  a p o r t a b l e  
t ac t i ca l  approach guidance system which shows g r e a t  promise f o r  use  i n  a batt le- damaged a i r f i e l d  
miss ion  s c e n e r i o  f o r  both  fixed-wing and r o t o r c r a f t  a p p l i c a t i o n s .  

C o n t r o l s  and guidance r e s e a r c h  d i r e c t l y  a p p l i c a b l e  t o  f i g h t e r / a t t a c k  a i rcraf t  i n c l u d e s  t h e  
i n t e g r a t e d  a i r f r a m e / p r o p u l s i o n  c o n t r o l  system a r c h i t e c t u r e  program aimed a t  t h e  development o f  
v a l i d a t i o n  methodology f o r  complex i n t e g r a t e d  c o n t r o l  systems and t h e  m u l t i d i s c i p l i n a r y  dynamics 
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i n t e g r a t i o n  e f f o r t  focused on f u n c t i o n a l  i n t e g r a t i o n  o f  aerodynamic,  s t ructural ,  p r o p u l s i v e ,  and 
c o n t r o l  system dynamics. I n  a d d i t i o n ,  r e s e a r c h  is underway on advanced automated a i r  combat guidance 
laws f o r  high- performance a i rc raf t .  Inc luded  are b o t h  h e u r i s t i c  and e x p e r t  system approaches  
i n v o l v i n g  a r t i f i c i a l  i n t e l l i g e n c e  t e c h n i q u e s  f o r  au tomat ion  o f  f i g h t e r / a t t a c k  a i r c r a f t  c o n t r o l  and 
o t h e r  f u n c t i o n a l  t a s k s .  

Hypersonic  v e h i c l e  c o n t r o l s  and gu idance  r e s e a r c h  is d i r e c t e d  toward gu idance  and ou te r- loop  c o n t r o l  
c o n c e p t s  which can s i g n i f i c a n t l y  affect  t h e  performance and e f f i c i e n c y  o f  hyperson ic  c r u i s e  v e h i c l e s  
o p e r a t i n g  a t  very h igh  a l t i t u d e s .  Convent ional  guidance and c o n t r o l  t e c h n i q u e s  may n o t  be  optimum a t  
t h e  upper a tmospher ic  environment a t  which t h e s e  v e h i c l e s  w i l l  o p e r a t e ,  and new c o n s i d e r a t i o n s ,  such  
a s  extremely h i g h  t e m p e r a t u r e s ,  may d ic ta te  comple te ly  new primary guidance and c o n t r o l  modes. 
I n i t i a l  p l a n n i n g  and c o n c e p t u a l  r e s e a r c h  are now underway i n  t h i s  area. 

CHANGES FRM FY 1966 ESTIMATE 

The t o t a l  funding f o r  t h i s  program h a s  n o t  changed; however, $0.2 m i l l i o n  h a s  been r e d i r e c t e d  w i t h i n  
t h e  program t o  s u p p o r t  h y p e r s o n i c s  technology.  

BASIS OF FY 1987 ESTIMATE 

I n  t h e  c o n t r o l  t h e o r y  area, r e s e a r c h  on reconf igurable / res t ruc turable  c o n t r o l  systems h a s  t h e  g o a l  
o f  ex t remely  h i g h l y  r e l i a b l e  a d a p t a t i o n  t o  failures.  The emphasis  on fa i lure  d e t e c t i o n  and 
i d e n t i f i c a t i o n  t e c h n i q u e s  w i l l  s h i f t  from s e l e c t e d  c e n t r a l i z e d  methods t o  d e c e n t r a l i z e d  t e c h n i q u e s  and 
a d a p t i v e  methods. Complementary r e s e a r c h  on systems i d e n t i f i c a t i o n  aims t o  achieve real-time 
methods. I n i t i a l  a c t iv i t i e s  t o  merge e x p e r t  systems t e c h n i q u e s  w i t h  modern c o n t r o l  t h e o r y  d e s i g n  
methods w i l l  begin  i n  t h e  f i e l d  o f  a n a l y t i c a l  d e s i g n  methodology. 

Guidance and d i s p l a y  c o n c e p t s  r e s e a r c h  i n c l u d e s  t h e  a p p l i c a t i o n  of  a r t i f i c i a l  i n t e l l i g e n c e  
technology t o  mi l i tary  and c i v i l  a i r c r a f t  o p e r a t i o n s .  The major f o c u s  w i l l  be t h e  "automated wingman" 
program under taken i n  c o o p e r a t i o n  wi th  t h e  Defense Advanced Research P r o j e c t s  Agency. The "automated 
wingman" concep t  h a s  t h e  p o t e n t i a l  f o r  making s u b s t a n t i a l  improvements i n  t h e  e f f e c t i v e n e s s  of 
mult ia i rcraf t  s t r i k e  f o r c e s  th rough  t h e  a p p l i c a t i o n  of  a r t i f i c i a l  i n t e l l i g e n c e  technology.  The 
approach f o r  conduc t ing  f l i g h t  research i n  t h i s  program, i n v o l v i n g  a ground computa t iona l  f a c i l i t y  and 
a remote ly  augmented v e h i c l e ,  o f f e r s  t h e  p o t e n t i a l  c a p a b i l i t y  f o r  r a p i d  p r o t o t y p i n g  of complex 
a i rcraf t  and multiaircraft  systems i n  a c o s t - e f f e c t i v e  manner. 

I n  t h e  f l i g h t - c r u c i a l  systems area, r e s e a r c h  w i l l  stress v a l i d a t i o n  t e c h n i q u e s ,  a s sessment  
t echno logy ,  s o f t w a r e  r e l i a b i l i t y ,  l i g h t n i n g  e f f e c t s ,  and advanced a r c h i t e c t u r e s .  Recent s o f t w a r e  
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r e l i a b i l i t y  r e s e a r c h  has  i n d i c a t e d  a p o t e n t i a l  fallacy i n  classical s o f t w a r e  r e l i a b i l i t y  a s sumpt ions  
which cou ld  have a s i g n i f i c a n t  effect  on t h e  use of N-version s o f t w a r e  as a means f o r  a c h i e v i n g  
ex t remely  r e l i a b l e  sys tems.  I n c r e a s e d  emphasis w i l l  b e  a p p l i e d  t o  deve lop  a c r e d i b l e  s o f t w a r e  
r e l i a b i l i t y  model based on v a l i d a t e d  assumpt ions .  I n  t h e  advanced a r c h i t e c t u r e  area, t h e  proof-of-  
concept  hardware and s o f t w a r e  of t h e  advanced i n f o r m a t i o n  p r o c e s s i n g  system, a d i s t r i b u t e d  fau l t- and  
damage- tolerant  a r c h i t e c t u r e  des igned  f o r  real-time a e r o s p a c e  a p p l i c a t i o n s ,  w i l l  be t e s t e d  t o  assess 
its a b i l i t y  t o  a c h i e v e  h igh  l e v e l s  o f  f u n c t i o n  r e l i a b i l i t y ,  th rough  graded redundancy and s o f t w a r e  
f u n c t i o n  m i g r a t i o n ,  and its c a p a b i l i t y  f o r  g r a c e f u l  d e g r a d a t i o n  i n  t h e  p resence  o f  f a u l t s .  

C o n t r o l s  and gu idance  r e s e a r c h  d i r e c t e d  a t  s u b s o n i c  t r a n s p o r t s  i n c l u d e s  advanced t r a n s p o r t  o p e r a t i n g  
systems, h i g h l y  r e l i a b l e  d i g i t a l  c o n t r o l  system a r c h i t e c t u r e s ,  and s a f e t y .  The major f o c u s  i n  
advanced t r a n s p o r t  o p e r a t i n g  systems w i l l  D e  four- dimensional  (4-D) f l i g h t  management system equipped 
a i rcraf t  i n t e g r a t i o n  w i t h  t h e  a i r  t r a f f i c  c o n t r o l  system. Research w i l l  e s t a b l i s h  p r e l i m i n a r y  
a l g o r i t h m s  needed t o  a l low a t r a n s p o r t  t o  a u t o m a t i c a l l y  f l y  t h e  op t imized  t r a j e c t o r y  from cruise t o  
t h e  t e r m i n a l  area mete r ing  f i x ,  f l i g h t  crew interfaces, and ground c o n t r o l l e r  p rocedures  t o  i n t e r m i x  
9-D and non-4-D equipped a i rcraf t .  T h i s  r e s e a r c h  w i l l  be performed i n  c l o s e  c o o r d i n a t i o n  wi th  t h e  
FAA,  as  w i l l  t h e  research on a i r b o r n e  systems f o r  t h e  d e t e c t i o n  and avo idance  o f  wind- shear s a f e t y  
haza rds .  

R o t o r c r a f t  c o n t r o l s  and gu idance  r e s e a r c h  i n v o l v e s  t h e  a p p l i c a t i o n  o f  a r t i f i c i a l  i n t e l l i g e n c e  and 
e x p e r t  systems technology t o  t h e  d i f f i c u l t  mili tary r o t o r c r a f t  miss ion  o f  a l l- wea the r  nap- of- the- ear th  
(NOE) o p e r a t i o n s .  The o b j e c t i v e  o f  t h i s  r e s e a r c h  is t o  deve lop  f l i g h t  p a t h  management and p l a n n i n g  
c o n c e p t s  f o r  t e r r a i n  f o l l o w i n g / t e r r a i n  avo idance  and manually c o n t r o l l e d  h e l i c o p t e r  f l i g h t ,  l e a d i n g  t o  
automated f l i g h t  wi th  assumed sensor- der ived  d a t a ,  A ru le- based e x p e r t  system w i l l  be  developed f o r  
invoking on-board miss ion  r e p l a n n i n g  d u r i n g  NOE f l i g h t ,  and p i l o t / s y s t e m  i n t e r f a c e  c o n c e p t s  w i l l  be 
formulated.  

C o n t r o l s  and guidance r e s e a r c h  d i r e c t e d  a t  f i g h t e r / a t t a c k  a i r c ra f t  a p p l i c a t i o n s  w i l l  stress t h e  
e f f o r t s  underway on i n t e g r a t e d  a i r f r a m e / p r o p u l s i o n  c o n t r o l  system a r c h i t e c t u r e s  and m u l t i d i s c i p l i n a r y  
dynamics i n t e g r a t i o n  and w i l l  be expanded t o  i n c l u d e  s u p e r m a n e u v e r a b i l i t y  c o n s i d e r a t i o n s .  
Reconfigurable/restructurable c o n t r o l  system c o n c e p t s  and a r t i f i c i a l  i n t e l l i g e n c e / e x p e r t  systems 
technology w i l l  be i n v e s t i g a t e d  as  p o t e n t i a l  s o l u t i o n s  t o  t h e  c r i t i c a l  problem o f  t r a n s i e n t  t h r u s t  
l o s s  d u r i n g  p r o p u l s i v e  c o n t r o l  supermaneuvering f l i g h t .  

T h i s  r e s e a r c h  w i l l  be performed i n  c o o p e r a t i o n  wi th  t h e  U.S. Army. 

Hypersonic  v e h i c l e  guidance and c o n t r o l s  r e s e a r c h  w i l l  e x p l o r e  new and unconven t iona l  guidance and 
ou te r- loop  c o n t r o l  modes f o r  f l i g h t  p a t h  c o n t r o l  t o  a c h i e v e  optimum performance and e f f i c i e n c y .  I n  
a d d i t i o n ,  c o n c e p t s  t o  i n t e g r a t e  aerodynamic and p r o p u l s i o n  c o n t r o l s  f o r  hyperson ic  cruise v e h i c l e s  
w i l l  be formulated.  
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1986 1987 
1985 Budget C u r r e n t  Budget 

Actual Estimate Estimate Estimate 
(Thousands of  

Human f a c t o r s  r e s e a r c h  and technology. .  20,300 22,000 22,  DUU 24,000 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h e  human f a c t o r s  r e s e a r c h  and technology program is t o  p r o v i d e  t h e  c a p a b i l i t y  t o  
d e s i g n  crew i n t e r f a c e s  w i t h  new c o c k p i t  t e c h n o l o g i e s  (e.g., e x p e r t  systems, v o i c e  i n t e r a c t i o n ,  f la t-  
p a n e l  and v i r t u a l - i m a g e  d i s p l a y s )  which w i l l  p e r m i t  maximum advantage t o  be t aken  o f  t h e  p o t e n t i a l  o f  
t h e s e  t e c h n o l o g i e s  t o  e n a b l e  i n c r e a s e d  c a p a b i l i t y ,  e f f i c i e n c y  and safety i n  r o t o r c r a f t ,  a i r  carrier,  
and g e n e r a l  a v i a t i o n .  T h i s  is accomplished by deve lop ing  an u n d e r s t a n d i n g  o f  crew c a p a b i l i t i e s ,  
l i m i t a t i o n s ,  and t e n d e n c i e s  i n  i n t e r a c t i n g  w i t h  t h e s e  systems and d e l i n e a t i n g  g u i d e l i n e s  f o r  
implementing t h a t  unders tand ing .  (1) 
f l i g h t  management, ( 2 )  human e n g i n e e r i n g  methods, ( 3 )  r o t o r c r a f t ,  and (4)  s u b s o n i c  
transport/commuter/general a v i a t i o n .  

There  are f o u r  areas o f  emphasis  i n  t h e  human f a c t o r s  program: 

The f l i g h t  management r e s e a r c h  program h a s  c o n t i n u e d  t o  focus on crew i n t e r a c t i o n  wi th  c o c k p i t  
automat ion and advanced i n f o r m a t i o n  i n p u t / o u t p u t  methods. Having developed an e x p e r t  system f o r  f a u l t  
moni to r ing  and d i a g n o s i s  o f  e lectr ical  systems, e x p e r t  systems are under development f o r  h y d r a u l i c  and 
p r o p u l s i o n  systems, so t h a t  crew c a p a b i l i t y  t o  perform s u p e r v i s o r y  c o n t r o l  f u n c t i o n s  over  m u l t i p l e  
e x p e r t  systems can be  e v a l u a t e d .  Another e x p e r t  system h a s  been developed f o r  d e s i g n i n g  and 
s e l e c t i n g  t y p e  f o n t s  and symbols f o r  e l e c t r o n i c  d i s p l a y s .  A ru le- based  system h a s  been i n i t i a t e d  
which w i l l  a i d  i n  t h e  d e s i g n  of e l e c t r o n i c  d i s p l a y  fo rmats  by p r o v i d i n g  an i n t e r a c t i v e  d a t a  base  on 
what is known i n  t h a t  area. Techniques  have been developed f o r  d e s i g n i n g  f l i g h t  computer d a t a  b a s e s  
c o n s i s t e n t  wi th  how p i l o t s  o r g a n i z e  t h e  r e l e v a n t  d a t a  and f o r  measur ing t h e  c o n s i s t e n c y  o f  crew- 
computer i n t e r a c t i o n  p r o t o c o l s  i n  v a r i o u s  computer modes. 

Human e n g i n e e r i n g  methods are focused  on deve lop ing  t e c h n i q u e s  for d e s i g n  and e v a l u a t i o n  o f  c o c k p i t  
equipment and o p e r a t i o n s .  C u r r e n t  work is i n  workload measurement and s i m u l a t i o n  technology.  A new 
model was developed f o r  c o n s t r u c t i n g  s i m u l a t o r  s c e n a r i o s  w i t h  p r e d i c t e d  workload l e v e l s .  T h i s  w i l l  

I n  s i m u l a t i o n  e n a b l e  i n c r e a s e d  f l e x i b i l i t y  i n  e v a l u a t i n g  a l t e r n a t i v e  c o c k p i t  t e c h n o l o g i e s .  
t echno logy ,  a methodology h a s  been developed t o  o p t i m i z e  s i m u l a t o r  motion systems by p r e d i c t i n g  t h e  
e f f e c t  o f  motion washout a l g o r i t h m s  on crews. 

I n  t h e  r o t o r c r a f t  area, t h e  f o c u s  is on p r o v i d i n g  t h e  t echno logy  f o r  s i n g l e  p i l o t  c a p a b i l i t y  i n  poor  
v i s i b i l i t y  f o r  both  mil i tary  and c i v i l i a n  miss ions .  A wide f ie ld- of- view head-up d i s p l a y  is be ing  
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developed.  I n  a d d i t i o n ,  workload measures are b e i n g  developed t o  assess t h e  effects o f  p o t e n t i a l  
c o c k p i t  improvements. 

I n  t h e  s u b s o n i c  transport/commuter/general a v i a t i o n  area, t h e  f o c u s  was on j e t  l a g  i n  air  t r a n s p o r t  
crews and on t h e  p o t e n t i a l  use o f  d a t a- l i n k  by g e n e r a l  a v i a t i o n  p i l o t s  i n  i n s t r u m e n t  f l i g h t  rules. 
Management o f  t h e  a v i a t i o n  s a f e t y  r e p o r t i n g  system (ASRS) f o r  t h e  FAA h a s  con t inued .  Also ,  a high-  
r e s o l u t i o n ,  2-D model of  wind s h e a r  was developed u s i n g  computa t iona l  f l u i d  dynamics t o  simulate 
actual  wind- shear c o n d i t i o n s .  S i m u l a t i o n s  o f  t h e  Da l l as- For t  Worth wind- shear a c c i d e n t  were prov ided  
t o  t h e  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board (NTSB). The man-vehicle system r e s e a r c h  f a c i l i t y ,  a high-  
f i d e l i t y  s i m u l a t i o n  f ac i l i t y  w i t h  a 8-727 c o c k p i t  and an advanced c o n c e p t s  c o c k p i t ,  became f u l l y  
o p e r a t i o n a l  and was used f o r  e v a l u a t i o n  o f  s idea rm c o n t o l l e r s  and wind- shear s i m u l a t i o n  models. 

BASIS FOR FY 1987 ESTIMATE 

The focus  o f  t h e  FY 1987 human f a c t o r s  r e s e a r c h  and technology program w i l l  s h i f t  from a i r  t r a n s p o r t  
and g e n e r i c  r e s e a r c h  t o  r o t o r c r a f t  and high- performance a i rcraf t .  The g e n e r i c  human/automation 
i n t e r f a c e  r e s e a r c h  w i l l  be focused on problems a s s o c i a t e d  w i t h  t h e s e  s p e c i f i c  classes o f  a i rc raf t .  
The r o t o r c r a f t  program w i l l  deve lop  v o i c e  i n t e r a c t i o n  c a p a b i l i t y ,  automated crew a i d s ,  and i n n o v a t i v e  
i n f o r m a t i o n  management c o n c e p t s  t o  e n a b l e  n i g h t  NUE f l i g h t  and i n c r e a s e d  c a p a b i l i t y  f o r  commercial 
o p e r a t i o n s  i n  f o u l  weather.  T h i s  w i l l  i n c l u d e  t h e  development o f  methods t o  e v a l u a t e  a l t e r n a t i v e  
c o c k p i t  des igns .  R o t o r c r a f t  human f a c t o r s  research w i l l  u t i l i z e  t h e  Cobra s u r r o g a t e  t r a i n e r  p i l o t  
n i g h t  v i s i o n  system fac i l i t y .  P r e v i o u s  accomplishments i n  au tomat ion  i n t e r f a c e  and workload a n a l y s i s  
w i l l  b e  a p p l i e d  s p e c i f i c a l l y  t o  r o t o r c r a f t  c o c k p i t  des ign .  O f  p a r t i c u l a r  importance  w i l l  be t h e  
f u r t h e r  development o f  t e c h n i q u e s  f o r  c o n s i s t e n t  p i lo t -matched s y s t e m  i n t e r a c t i o n s  and r e l i a b l e  
measures o f  automation- induced c o g n i t i v e  workload. Con t inu ing  s t u d i e s  o f  v e s t i b u l a r  models f o r  
s i m u l a t o r  motion systems w i l l  be e s p e c i a l l y  i m p o r t a n t  f o r  accurate and c o s t - e f f e c t i v e  NOE r o t o r c r a f t  
s i m u l a t i o n .  The high- performance human f a c t o r s  r e s e a r c h  w i l l  f o c u s  on deve lop ing  " e l e c t r o n i c  c o p i l o t "  
f e a t u r e s  for  crew c o n t r o l  of  emerging a r t i f i c i a l  i n t e l l i g e n c e  c a p a b i l i t i e s  such  as  t h e  automated 
wingman concept .  I t  w i l l  a l s o  beg in  e x p l o r i n g  t h e  c rew- re la ted  a s p e c t s  o f  hypersonic/transatmospheric 
v e h i c l e s .  Cont inuing e x p e r t  system interface s t u d i e s  w i l l  o f f e r  i n c r e a s i n g l y  q u a n t i f i e d  i n s i g h t  i n t o  
p i l o t / a u t o m a t i o n  i n t e r a c t i o n  issues s o  t h a t  v e r i f i e d  methods and models are avai lable  t o  g u i d e  
hardware and s o f t w a r e  d e s i g n e r s .  T h i s  work b e n e f i t s  from a h igh  d e g r e e  of synergism wi th  t h e  s p a c e  
human f a c t o r s  program. I n  a i r  t r a n s p o r t ,  t h e  j e t  l a g  program w i l l  be completed;  management o f  t h e  
ASRS w i l l  c o n t i n u e ;  and g u i d e l i n e s  w i l l  be developed f o r  crew moni to r ing  and c o n t r o l  o f  m u l t i p l e  
i n t e g r a t e d  e x p e r t  systems. The manned v e h i c l e  systems r e s e a r c h  f a c i l i t y  (MVSRF) w i l l  be  used i n  
s u p p o r t  of t h e  FAA for e v a l u a t i o n  o f  t h r e a t  a l e r t  and c o l l i s i o n  avo idance  system d i s p l a y s .  I t  w i l l  
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also b e  used f o r  h i g h- f i d e l i t y  f u l l - m i s s i o n  e v a l u a t i o n  of  human/automation i n t e r a c t i o n  d e s i g n  
g u i d e l i n e s .  The ASRS d a t a  base  o f  a v i a t i o n  i n c i d e n t s  w i l l  be e s p e c i a l l y  u s e f u l  f o r  i d e n t i f y i n g  t h e  
most s i g n i f i c a n t  system and crew f a c t o r s  which r e q u i r e  exper imenta l  i n v e s t i g a t i o n .  I t  is expec ted  
t h a t  t h e  e x t e n s i v e  d a t a  on automation- induced i n c i d e n t s  w i l l  be p a r t i c u l a r l y  i m p o r t a n t  f o r  g u i d i n g  
research i n  t h e  advanced technology c o c k p i t  o f  t h e  MVSRF. 
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1386 1987 -- 
1985 Budget Cur rent  Budget 

A c t u a l  Est imate Est imate Est imate 
(Thousands o f  

F l i g h t  systems research and technology ... 17,864 18,300 18, ,300 21,51)U 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  the  f l i g h t  systems research and technology program i s  t o  prov ide the  necessary 
research and technology development f o r  an improved and v a l i d a t e d  base o f  advanced technology f o r  
a p p l i c a t i o n  by i n d u s t r y  t o  f u t u r e  genera t ions  o f  the e n t i r e  spectrum o f  a i r c r a f t .  I n  many cases, 
j o i n t  fund ing i s  prov ided by NASA, DOD, and FAA. The program i s  organized i n t o  the f o l l o w i n g  main 
ca tegor ies :  (1) a v i a t i o n  safety,  ( 2 )  c o n v e r t i b l e  engine r o t o r c r a f t  p ropu ls ion,  ( 3 )  high-performance 
a i r c r a f t ,  and (4 )  f l i g h t  support.  The a c t i v i t i e s  wi th in  t h i s  program encompass advanced eng ineer ing 
techniques and the establ ishment o f  the  f e a s i b i l i t y  o f  concepts t o  ensure r a p i d  a p p l i c a t i o n  o f  
p romis ing new technology e s s e n t i a l  t o  meeting one or more o f  t h e  f o l l o w i n g  goals: (1) reduc ing 
a i r c r a f t  acc idents  r e s u l t i n g  from weather e f f e c t s  (heavy r a i n ,  wind shear, l i g h t n i n g ,  tu rbu lence,  and 
i c i n g ) ;  (2)  developing c o n v e r t i b l e  engine p ropu ls ion  concepts which p rov ide  bo th  t h r u s t  and s h a f t  
power t h a t  w i l l  enable m i l i t a r y  a i r c r a f t  t o  r e t a i n  the  low-speed advantages o f  h e l i c o p t e r s  wh i le  
a l l o w i n g  h i g h l y  maneuverable high-speed f l i g h t ;  and ( 3 )  e s t a b l i s h i n g  a technology base f o r  the  design 
o f  f u t u r e  f i g h t e r  a i r c r a f t  wi th unprecedented maneuverab i l i t y  a t  h i g h  angle- of- at tack (up t o  90 
degrees) f l i g h t  cond i t i ons .  

The o b j e c t i v e s  o f  the  a c t i v i t i e s  i n  a v i a t i o n  s a f e t y  a re  t o  p rov ide  a b e t t e r  understanding o f  
ae ronau t i ca l  s a f e t y  hazards and t h e i r  consequences and t o  prov ide c r i t e r i a  f o r  design o f  a i r c r a f t  
systems and opera t ing  techniques. They i n v o l v e  the development o f  a n a l y t i c a l  models t o  p r e d i c t  i c e  
a c c r e t i o n  and i t s  e f f e c t s  on a i r c r a f t  hand l i ng  q u a l i t i e s  and a i r f o i l  performance f o r  b o t h  r o t a r y -  and 
f ixed-wing a i r c r a f t ,  development o f  i c e  p r o t e c t i o n  systems, establ ishment o f  a f l i g h t - v a l i d a t e d  
l i g h t n i n g  s t r i k e  data  base f o r  development o f  design c r i t e r i a  f o r  advanced m a t e r i a l s  and d i g i t a l  
a v i o n i c s  systems, and the q u a n t i f i c a t i o n  o f  the e f f e c t s  o f  heavy r a i n  on a i r c r a f t  aerodynamic and 
p r o p u l s i o n  system performance. NASA has completed the  technology development o f  an e lec t ro- impulse 
de ice r  concept, repor ted  the r e s u l t s  i n  an i n d u s t r y  symposium, and a s s i s t e d  the Army i n  r e s o l v i n g  the 
A-10 i n l e t  i c i n g  problem. The instrumented F-106 severc storms research a i r c r a f t  i s  complet ing the  
c h a r a c t e r i z a t i o n  o f  d i r e c t  l i g h t n i n g  s t r i k e s  t o  the  a i r c r a f t  i n  convect ive  weather. The r e s u l t i n g  
f i r s t - o f - a - k i n d  data  base i s  p r o v i d i n g  the  b a s i s  f o r  t he  development o f  t h r e a t  models f o r  use by FAA 
and i n d u s t r y  f o r  m a t e r i a l s  and a v i o n i c s  p r o t e c t i o n .  Wind tunne l  i n v e s t i g a t i o n s  of heavy r a i n  e f f e c t s  
a re  p r o v i d i n g  an i n i t i a l  da ta  base f o r  modeling the  r e s u l t i n g  degradat ion  o f  a i r c r a f t  performance. 
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The o b j e c t i v e s  of  t h e  c o n v e r t i b l e  e n g i n e  r o t o r c r a f t  p r o p u l s i o n  technology program are t o  p r o v i d e  
technoloyy r e a d i n e s s  i n  e x p e r i m e n t a l  p r o p u l s i o n  systems f o r  r o t o r c r a f t  and V/STOL a i rcraf t  
i n c o r p o r a t i n g  advanced c o n v e r t i b l e  eng ine  c o n c e p t s  p r o v i d i n g  b o t h  s h a f t  and t h r u s t  power 
requ i rements .  The s t e a d y  s t a t e  power modes have been demons t ra ted ,  and t h e  c r u c i a l  t r a n s i e n t  
c o n v e r s i o n  requ i rement  f o r  a p p l i c a t i o n  t o  compound c o n f i g u r a t i o n s ,  s u c h  as t h e  X-wing, h a s  been 
s u c c e s s f u l l y  accomplished.  The c o n v e r t i b l e  eng ine  concep t  w i l l  p r o v i d e  d e s i g n e r s  o f  f u t u r e  r o t o r c r a f t  
and V/STOL a i r c ra f t  a new dimension wi th  a s i n g l e  powerplant  c a p a b l e  o f  p r o v i d i n g  t u r b o s h a f t  power and 
t u r b o f a n  t h r u s t  power s i m u l t a n e o u s l y  or  i n d i v i d u a l l y .  T h i s  program w i l l  be completed i n  1986. 

The o b j e c t i v e s  o f  t h e  high- performance a i r c ra f t  program are t o  r e f i n e  and v a l i d a t e  aerodynamic 
p r e d i c t i v e  t o o l s  a t  h igh  ang le- of- a t t ack  f l i g h t  c o n d i t i o n s ,  and t o  demons t ra te  t h e  performance 
b e n e f i t s  and u t i l i t y  o f  p r o p u l s i v e  f l i g h t  c o n t r o l .  N e g o t i a t i o n s  have a l s o  been conducted wi th  t h e  
Uni ted  Kingdom f o r  c o o p e r a t i v e  i n v e s t i g a t i o n s  of s e v e r a l  d e s i g n  c o n c e p t s  f o r  a s u p e r s o n i c  advanced 
s h o r t  t a k e o f f  and ver t i ca l  l a n d i n g  (ASTOVL) a i rcraf t  c a p a b i l i t y .  

The o b j e c t i v e s  o f  t h e  f l i g h t  s u p p o r t  program are t o  p r o v i d e  a variety o f  s u p p o r t  services t o  f l i g h t  
r e s e a r c h  p r o j e c t s  us ing  s t a n d a r d  a i rcraf t  f o r  c h a s e ,  a i r s p e e d  c a l i b r a t i o n ,  r emote ly  p i l o t e d  r e s e a r c h  
v e h i c l e  a i r  d rops ,  and f l i g h t  crew r e a d i n e s s  t r a i n i n g .  Replacement o f  t h e  Ames-Dryden ag ing  F-104 
high- performance s u p p o r t  a i r c ra f t  w i t h  Navy-loaned full-scale development F-18 aircraft  h a s  been 
i n i t i a t e d .  

CHANG€S FRM FY 1986 ESTIMATE 

The t o t a l  f o r  t h i s  program has  n o t  changed. A d e c r e a s e  t o  s u p p o r t  h y p e r s o n i c s  t echno logy  ($0.6 
m i l l i o n )  and systems a n a l y s i s  s t u d i e s  ($0.4 m i l l i o n )  h a s  been r e s t o r e d  wi th  t h e  a p p l i c a t i o n  o f  $l.U 
m i l l i o n  from t h e  o b l i q u e  wing systems techno logy  program. 

8ASIS OF FY 1987 ESTIMATE 

I n  FY 1987, t h e  a v i a t i o n  safety program w i l l  emphasize c o o r d i n a t e d  wind t u n n e l ,  a n a l y t i c a l ,  and 
f l i g h t  r e s e a r c h  i n v e s t i g a t i o n s  and analyses l e a d i n g  t o  an u n d e r s t a n d i n g  o f  ice a c c r e t i o n  and its 
effects  on f ixed-  and rotary-wing a i r c ra f t  performance and h a n d l i n g  q u a l i t i e s .  Research t o  e s t a b l i s h  
a f l i g h t - v a l i d a t e d  severe s t o r m s / l i g h t n i n g  e f f e c t s  d a t a  base  w i l l  be  completed and t h e  r e s u l t s  
r e p o r t e d  t o  t h e  FAA and i n d u s t r y .  Wind t u n n e l  and a n a l y t i c a l  i n v e s t i g a t i o n s  w i l l  be c o n t i n u e d  t o  
e s t a b l i s h  a d a t a  base  f o r  a n a l y s i s  and unders tand ing  o f  t h e  effects  o f  heavy r a i n  on a i rcraf t  
aerodynamic and p r o p u l s i o n  system performance.  
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The high- performance a i r c r a f t  program w i l l  c o n t i n u e  i n  FY 1967. Wind t u n n e l  and a n a l y t i c a l  r e s e a r c h  
w i l l  be conducted t o  i n v e s t i g a t e  t h e  p o t e n t i a l  b e n e f i t s  and aerodynamic,  p r o p u l s i o n  system, and 
s t ructural  i n t e r a c t i o n s  r e s u l t i n g  from m u l t i a x i s  t h r u s t  v e c t o r i n g  a t  h i g h  a n g l e  o f  a t t a c k .  S i m u l a t o r  
and d e s i g n  s t u d i e s  w i l l  be completed t o  e s t a b l i s h  a d a t a  base f o r  t h e  p o t e n t i a l  i n t e g r a t i o n  o f  
aerodynamic and p r o p u l s i v e  f l i g h t  c o n t r o l s  on t h e  NASA F-16 h igh  a l p h a  r e s e a r c h  v e h i c l e .  Wind t u n n e l  
r e s e a r c h  w i l l  be completed t o  s u p p o r t  t h e  f l i g h t  v a l i d a t i o n  of t h e  aerodynamic performance b e n e f i t s  o f  
a leading- edge v o r t e x  f l a p  f o r  enhanced maneuvering performance. I n  t h e  U.S./U.K. ASTOVL program, 
p r o p u l s i o n  sys tem and airframe d e s i g n  s t u d i e s  w i l l  be conducted t o  i d e n t i f y  t h e  advan tages  and 
d i s a d v a n t a g e s  o f  a l ternat ive p r o p u l s i o n  system c o n c e p t s  f o r  a s u p e r s o n i c  V/STOL a i r c r a f t .  The s t u d y  
r e s u l t s  w i l l  be used t o  gu ide  t h e  r e s e a r c h  a c t i v i t i e s  r e q u i r e d  t o  deve lop  t h e  technology base  f o r  t h e  
most promis ing a i r c r a f t / p r o p u l s i o n  system concep t s .  

F l i g h t  test s u p p o r t  of f l i g h t  research p r o j e c t s  w i l l  c o n t i n u e  u s i n g  a v a r i e t y  o f  bo th  f ixed-  and 
rotary-wing a i r c r a f t .  I n  t h e  main, these s t a n d a r d  a i r c r a f t  w i l l  be  flown as chase a i r c r a f t  i n  s u p p o r t  
of  r e s e a r c h  h e l i c o p t e r s  and a i rcraf t  d e s c r i b e d  under high- performance a i r c r a f t  systems techno logy  (X- 
ZYA,  F-15, F-16, YAV-8B). The test s u p p o r t  a c t i v i t y  a l s o  p r o v i d e s  f o r  f l i g h t  crew t r a i n i n g ,  
maintenance of  f l i g h t  d a t a  f a c i l i t i e s ,  a i rcraf t  i n s t r u m e n t a t i o n ,  and f l i g h t  d a t a  p rocess ing .  
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1986 1987 
1985 Budget Cur ren t  Budget 

Es t imate  Es t imate  E s t  imate 
7-d~ o f  D o l l a r s )  

Ac tua l  

Systems ana lys is .  ..................... 2,600 3,200 4, (-IOU 4,800 

WXCTIVES AND STATUS 

The o b j e c t i v e  o f  t he  systems a n a l y s i s  e f f o r t  i s  t o  examine the  technology needs and o p p o r t u n i t i e s  
f o r  f u tu re  v e h i c l e  concepts and t o  p rov ide  performance data and s e n s i t i v i t y  a n a l y s i s  f o r  e f f e c t i v e  
long- range planning. The s tud ies  i d e n t i f y  high- payoff ,  emerging techno log ies  t h a t  can l e a d  t o  new 
p la teaus  or major improvements i n  c i v i l  or  m i l i t a r y  v e h i c l e  performance, c r e a t i o n  o f  new markets, and 
p o t e n t i a l  economic bene f i t s .  The f o l l o w i n g  v e h i c l e  c lasses  a r e  addressed by t h e  s tud ies :  subsonic, 
r o t o r c r a f t ,  supersonic c ru i se ,  h i g h  performance, and hypersonic f o r  a v a r i e t y  o f  c i v i l  and m i l i t a r y  
app l i ca t i ons .  

The systems a n a l y s i s  s t u d i e s  f o r  the  subsonic a i r c r a f t ,  which i n c l u d e  genera l  a v i a t i o n ,  commuter, 
and t r a n s p o r t  a i r c r a f t ,  concentrated on the  b e n e f i t s  associated with laminar  f l ow  and advanced 
turboprop concepts i n  FY 1986. The s tud ies  addressed the  economics o f  commuter a i r c r a f t  and sma l l  
subsonic advanced propfan t r a n s p o r t s  u t i l i z i n g  advanced technologies. S tud ies  were conducted t o  
assess the  impact o f  very advanced m a t e r i a l s  and s t r u c t u r e s  f o r  subsonic t r a n s p o r t  app l i ca t i ons .  

The study e f f o r t s  f o r  susta ined supersonic c r u i s e  technology are  examining i nnova t i ve  c o n f i g u r a t i o n s  
i n c o r p o r a t i n g  advances i n  aerodynamics and p r o p u l s i o n  system techno log ies  f o r  advanced m i l i t a r y  and 
c i v i l  a i r c r a f t  and the  p a y o f f  o f  e f f i c i e n t ,  economical, advanced processing methods t h a t  e x p l o i t  t h e  
f u l l  weight- savings p o t e n t i a l  o f  advanced metals. Supersonic throughf low fan  engine concepts a re  a l s o  
being examined. 

An ongoing study e f f o r t  i s  assessing the  b e n e f i t s  of new emerging techno log ies  t o  the  f i g h t e r / a t t a c k  
c l a s s  of a i r c r a f t .  Also, as p a r t  o f  a coopera t ive  U.S./U.K. ASTOVL program, m u l t i d i s c i p l i n a r y  
a n a l y s i s  and design s tud ies  a re  e x p l o r i n g  concepts t h a t  u t i l i z e  h i g h  th rus t- to- weigh t  engines and 
t h r u s t- v e c t o r i n g  con t ro l .  The conceptual  s t u d i e s  w i l l  form t h e  b a s i s  f o r  s e l e c t i o n  o f  t he  most 
promis ing concepts f o r  technology development. 

S tud ies  i n  FY 1986 f o r  hypersonic veh i c les  concentrated on performance and weight est imates 
associated w i th  turboramjet ,  e j e c t o r  ramjet ,  and a i r- tu rbo ram je t  concepts. S tud ies  have been 
i n i t i a t e d  t o  assess unique far- term hypersonic p r o p u l s i o n  concepts. 
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C#ANG€S FROM FY 1986 BUDGET ESTIMATE 

The i n c r e a s e  of $0.8 m i l l i o n  i n  systems a n a l y s i s  r e f l e c t s  i n c r e a s e d  emphasis on s t u d y  a c t i v i t i e s  
p r i m a r i l y  d i r e c t e d  toward high- speed and h y p e r s o n i c  p r o p u l s i o n  technology.  

BASIS FOR FY 1987 ESTIMATE 

I n  FY 1987, s t u d i e s  w i l l  i n v e s t i g a t e  t h e  b e n e f i t s  o f  emerging smal l- engine  t e c h n o l o g i e s  f o r  
a p p l i c a b i l i t y  t o  g e n e r a l  a v i a t i o n  and commuter a i rc raf t .  R o t o r c r a f t  systems a n a l y s i s  w i l l  be  
a s s e s s i n g  t h e  p o t e n t i a l  impact  on c i v i l  t r a n s p o r t a t i o n  opened by t h e  high- speed tilt r o t o r  and X-wing 
concepts .  These c o n c e p t s  have tremendous p o t e n t i a l  f o r  bo th  t h e  c i v i l  and mil i tary  marke t s ,  
e s p e c i a l l y  as emerging new t e c h n o l o g i e s ,  such  as c o n v e r t i b l e  e n g i n e s  and f o l d e d  or  stowed r o t o r s ,  are 
developed.  

The s t u d i e s  f o r  s u s t a i n e d  s u p e r s o n i c  cruise i n  FY 19b7 w i l l  f o c u s  on d e f i n i n g  t h e  technology 
r e q u i r e m e n t s  and v e h i c l e  c h a r a c t e r i s t i c s  n e c e s s a r y  t o  meet p r o j e c t e d  o p p o r t u n i t i e s  and 
requ i rements .  Techno log ies  w i l l  be  i d e n t i f i e d  and a s s e s s e d  f o r  long- range,  economical ly  v i a b l e  high- 
speed a i r c ra f t  wi th  p a r t i c u l a r  emphasis on aerodynamic,  s t ructural ,  and p r o p u l s i o n  c o n c e p t s  f o r  s p e e d s  
r a n g i n g  from Mach 2.5 t o  5.0. 

Technology i n t e g r a t i o n  s t u d i e s  f o r  advanced f i g h t e r  c o n c e p t s  w i l l  f o c u s  on new c a p a b i l i t i e s  enab led  
by key emerging t e c h n o l o g i e s .  Thrust- to-weight r a t i o  of  f i g h t e r  e n g i n e s  is  expec ted  t o  doub le  o v e r  
t h e  n e x t  decade.  Combined wi th  advances  i n  l i g h t w e i g h t  materials and s t r u c t u r e s ,  t h i s  cou ld  r e s u l t  i n  
small l i g h t w e i g h t  f i g h t e r s  wi th  h i g h  o v e r a l l  th rus t - to -we igh t  r a t i o .  C o n f i g u r a t i o n s  w i l l  be assessed 
t h a t  v e c t o r  and/or d e f l e c t  t h e  t h r u s t  f o r  c o n t r o l  augmentat ion and d i r e c t  l i f t  g e n e r a t i o n .  

I n  terms o f  o u r  military p o s t u r e ,  h y p e r s o n i c  speed and h i g h- a l t i t u d e  performance c h a r a c t e r i s t i c s  i n  
b o t h  a i r p l a n e s  and missiles have obv ious  advan tages  f o r  n a t i o n a l  d e f e n s e  as well as  f o r  hyperson ic  
t r a n s p o r t s ,  which could  cut  t h e  t r i p  time i n  h a l f  r e la t ive  t o  a Mach 2 or 3 t r a n s p o r t .  Aircraft 
p r o d u c t i v i t y  w i l l  be improved wi th  i n c r e a s i n g  Mach number. Veh ic le  d e s i g n  matrices i n c o r p o r a t i n g  
p r o j e c t e d  technology advances  are r e q u i r e d  t o  de te rmine  t h e  performance p o t e n t i a l  and t echno logy  
needs.  P r o s p e c t i v e  v e h i c l e s  and t h e i r  miss ion  c a p a b i l i t i e s  w i l l  be  a s s e s s e d  a l o n g  w i t h  t h e i r  
s e n s i t i v i t y  t o  technology o p t i o n s .  These f o r m u l a t i o n s  w i l l  employ t h e  s y n e r g i s t i c  i n t e g r a t i o n  o f  
aerodynamic,  a e r o t h e r m a l ,  p r o p u l s i o n ,  s t r u c t u r a l ,  and c o n t r o l s  t e c h n o l o g i e s  w i t h  emphasis on 
p r o p u l s i o n  o p t i o n s  and w i l l  be used t o  g u i d e  NASA's technology development i n  t h i s  i m p o r t a n t  area. 
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BASIS OF FY 1987 FUNDING REQUIREMENTS 

SYSTEMS TECHNOLOGY PROGRAMS 

1986 
1985 Budget Current  

A c t u a l  Est imate  Est imate  
w d s  o f  Dollars) 

R o t o r c r a f t  systems technology...... ... 26,000 20 500 20,500 
High-performance a i r c r a f t  systems 

Subsonic a i r c r a f t  systems technology.. 19,000 
Advanced p r o p u l s i o n  systems technology 26,100 44,200 44,20U 

technology. ......................... 21 y 53b 21  y 800 20,800 

Numerical  aerodynamic simulation...... 26,472 28,200 2tl, 200 

--- --- 

Total............................... 119,102 114,700 113,70Li 

1987 

Est imate  
Budget Page 

Number 

18,700 RD 13-39 

26,000 RD 13-41 

28,400 RD 13-45 
30, OG0 RD 13-47 

--- 

103,100 
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1986 1987 
1985 Budget C u r r e n t  Budget 

A c t u a l  Estimate Estimate Estimate 
(Thousands o f  Dollars) 

R o t o r c r a f t  systems technology 
Advanced r o t o r c r a f t  technology ...... 9 , 632 2 , 700 2 , 700 2,000 
Technology f o r  n e x t  g e n e r a t i o n  

rotorcraft . . . . . . . . . . .  ............. 1 6  , 368 1 7  ,tlcIO 1 7  , 600 16 , 7UU 

Total............................... 26,000 20,50O 20 , 500 16,700 

OBJECTIVES AND STATUS 

The r o t o r c r a f t  systems technology program conduc t s  r e s e a r c h  on two f r o n t s .  The f i r s t  t h r u s t  
c o n s i s t s  of  e f f o r t s  i n  t h e  broad systems technology areas o f  comprehensive n o i s e  p r e d i c t i o n  and f u l l -  
scale wind t u n n e l  tests. The g o a l  of  t h i s  t h r u s t  is t o  p r e d i c t  o v e r a l l  v e h i c l e  n o i s e  t o  - +1.5 d e c i b e l s  
accuracy and t o  a c q u i r e  a i r l o a d s  f o r  new d e s i g n  t e c h n i q u e s  f o r  "jet-smooth" v i b r a t i o n .  The second 
t h r u s t  i n v o l v e s  t h e  X-wing r o t o r  demons t ra t ion  tes t  on t h e  r o t o r  systems r e s e a r c h  a i r c r a f t  (RSRA). 

I n  t h e  n o i s e  program conducted w i t h  t h e  American H e l i c o p t e r  S o c i e t y  (AHS), an updated,  comprehensive 
n o i s e  p r e d i c t i o n  code was r e l e a s e d  t o  i n d u s t r y .  Accuracy is  expec ted  t o  be +3 d e c i b e l s  i n  most cases 
f o r  e x i s t i n g  des igns .  Also ,  t h e  f i r s t  p r e d i c t i o n  o f  b lade- vortex i n t e r a c t i o n n o i s e  was made u s i n g  new 
a n a l y t i c a l  t o o l s .  A f u l l - s c a l e  f l i g h t  tes t  o f  a Hughes 500 h e l i c o p t e r ,  w i t h  e n g i n e  n o i s e  muf f l ed ,  was 
i n i t i a t e d  t o  de te rmine  t h e  c o n t r i b u t i o n  o f  i n d i v i d u a l  s o u r c e s  t o  va ry ing  n o i s e  l eve l s  due t o  
t u r b u l e n c e  and wind. 

I n  f u l l - s c a l e  t e s t i n g ,  an Army LHX main r o t o r  was tested i n  t h e  newly upgraded 40x80- foot wind 
t u n n e l .  The f i rs t  f u l l - s c a l e  tes t  o f  main r o t o r / t a i l  r o t o r  aerodynamic i n t e r f e r e n c e  was a l s o  run i n  
t h e  40x80- foot wind t u n n e l .  A c q u i s i t i o n  of  a p ressure- tapped  main r o t o r  and a h i n g e l e s s  r o t o r  w i l l  b e  
s t a r t e d  f o r  an FY 1987 t u n n e l  e n t r y  t o  i n v e s t i g a t e  high- speed a i r l o a d s  and rotor- dynamic s t a b i l i t y .  
These d a t a  p r e v i o u s l y  d i d  no t  e x i s t  f o r  c o r r e l a t i o n  f o r  n o i s e  and v i b r a t i o n  p r e d i c t i o n / r e d u c t i o n .  

I n  t h e  j o i n t  DARPA/NASA RSRA/X-wing r o t o r  i n v e s t i g a t i o n ,  t h e  prime o b j e c t i v e  is t o  perform an X-wing 
c o n v e r s i o n  from r o t a r y  t o  s t o p p e d- r o t o r  f l i g h t  and r e t u r n  t o  ro tary- wing f l i g h t .  The f l i g h t  research 
program w i l l  a l s o  i n v e s t i g a t e  t h e  dynamic s t a b i l i t y ,  performance,  and r o t o r  c o n t r o l  c h a r a c t e r i s t i c s  of 
t h e  X-wing r o t o r  system. Completed t o  d a t e  are t h e  RSHA a i r f r a m e  m o d i f i c a t i o n ;  t h e  p r o p u l s i o n  and 
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pneumatic system; the  p r o p u l s i o n  system tes tbed (PSTB) f a c i l i t y ;  an i n teg ra ted ,  mob i le  da ta  
a c q u i s i t i o n  f a c i l i t y ;  a prototype,  d i g i t a l  f l y- by- wi re  f l i g h t  c o n t r o l  computer; and high- temperature 
composite r o t o r  b lade components. Tes t ing  has been i n i t i a t e d  i n  the  PSTB, wind tunnel ,  and f l i g h t  
c o n t r o l  computer l abo ra to ry .  

I n  1986 the  f a b r i c a t i o n  and assembly o f  the  X-wing r o t o r  system w i l l  be completed, and the r o t o r  
system w i l l  be i n s t a l l e d  on the  PSTB. and subsequently on t h e  a i r c r a f t .  Preceding f l i g h t ,  t he  X-wing 
r o t o r  system w i l l  be ex tens i ve l y  t e s t e d  on the  PSTB, an " i r o n  b i r d "  ground-based f a c i l i t y ,  and the  
r e l i a b i l i t y  o f  the  f l i g h t  c o n t r o l  system w i l l  be ex tens i ve l y  t es ted  i n  the  v e h i c l e  management system 
l a b o r a t o r y  which was s p e c i f i c a l l y  developed t o  t e s t  t he  unique X-wing f l i g h t  c o n t r o l  system. 
Suppor t ing research i nc ludes  upgraded p i l o t e d  s imu la t i ons  i n  the  Ames Research Center ' s  v e r t i c a l  
mot ion s imu la to r  and upgraded scale-model wind tunne l  t es t s .  These t e s t s  w i l l  concentrate on the  
f l i g h t  mode i n  which the  a i r c r a f t  " conver ts"  from r o t a r y  t o  s topped- rotor  a t  speeds near 20U knots. 

BASIS OF FY 1987 ESTIMATE 

The NASA/AHS program w i l l  cont inue wi th  the  re lease  o f  new subrou t ines  f o r  r o t o r  loads and r o t o r  
wakes. Blade vo r tex  i n t e r a c t i o n  no ise  w i l l  be emphasized t o  determine the  b e n e f i t s  o f  a i r f o i l  nose 
shape us ing  more power fu l  3-0 p red i c t i ons .  Aerodynamic i n t e r f e r e n c e  w i l l  a l s o  be i nco rpo ra ted  i n  the  
comprehensive p r e d i c t i o n  code. P r e d i c t i o n  accuracy i s  expected t o  approach+l.5 dec ibe l s  f o r  t a k e o f f  
and f l y o v e r  cond i t i ons  f o r  e x i s t i n g  designs. Advanced designs and l and ing  c o n d i t i o n s  w i l l  awa i t  
b e t t e r  analys is .  

I n  FY 1987 the  X-wing f l i g h t  t e s t  program i s  planned t o  be completed. The program w i l l  a l s o  be 
genera t ing  ground-based p i l o t e d  s i m u l a t i o n  PSTB data, and v e h i c l e  management systems data i n  suppor t  
o f  the  f l i g h t  i n v e s t i g a t i o n  o f  the  X-wing r o t o r  on the  RSRA. Th is  fast-paced, advanced technology 
program w i l l  r e q u i r e  extensive,  coord ina ted  t e s t i n g  i n  1987 which i s  c r u c i a l  t o  t he  success o f  t h e  
f l i g h t  i n v e s t i g a t i o n  and w i l l  r e q u i r e  s p e c i a l  NASA c a p a b i l i t i e s  t o  suppor t  the  c o n t r a c t o r ' s  e f f o r t s .  
I n  p a r t i c u l a r ,  the f l i g h t  t e s t i n g  w i l l  cu lminate i n  t h e  h i s t o r i c  demonstrat ion o f  convers ion from 
r o t a r y  t o  stopped- rotor f l i g h t  f o r  c r u i s e  and a reconvers ion t o  r o t a r y  f l i g h t  f o r  landing.  
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1986 1967 
1985 Budqet Cur rent  Budqet 

Est imate  A c t u a l  Es t imate  Est imate  
m d s  o f  D m  

High-performance a i r c r a f t  systems 
technology 

High-performance f l i g h t  research.. .. 9,73LI 9, 6ljti 9,8UO 

technology ......................... !3,3Uc1 5,2110 5,200 
Ceramics f o r  t u r b i n e  engines. 2,500 2,100 2,lOU 

Total............................... 21,530 21,800 20,8UO 

Turbine engine h o t  s e c t i o n  

....... 
Obl ique wing technology............. --- 4,7UO 3,700 

OBJECTIVES AND STATUS 

10,411ti 

5,000 
2,200 
8,4011 

26,0130 

The o b j e c t i v e  o f  t he  high-performance a i r c r a f t  systems technology program i s  t o  generate v a l i d a t e d  
eng ineer ing methods and design data  a p p l i c a b l e  t o  t h e  development o f  advanced high-performance, high-  
speed a i r c r a f t  app l i ca t i ons .  The program o b j e c t i v e s  a r e  accomplished by ana lys is ,  ground-based 
s imula t ions ,  wind t u n n e l  exper imenta l  research, and f l i g h t  research t e s t s  o f  advanced a i r c r a f t  
concepts and systems. 

I n  the  j o i n t  N A S A / A i r  Force advanced f i g h t e r  technology i n t e g r a t i o n  (AFTI) program, t h e  AFTI/F-16 
automated maneuvering a t t a c k  system f l i g h t  phase i s  be ing completed. The AFTI/F-111 m iss ion  adapt ive  
wing p r o j e c t  w i l l  complete t h e  f l i g h t  research a c t i v i t y  t o  v a l i d a t e  p r e d i c t e d  performance 
improvements, i n c l u d i n g  range inc rease  o f  25 percent, r e s u l t i n g  from i t s  v a r i a b l e  camber a i r f o i l .  I n  
the  F-15 h i g h l y  i n t e g r a t e d  d i g i t a l  e l e c t r o n i c  c o n t r o l  (HIDEC) program, which bu i lds on the  c a p a b i l i t y  
developed d u r i n g  t h e  d i g i t a l  e l e c t r o n i c  engine c o n t r o l  and F-100 engine model d e r i v a t i v e  programs, 
f l i g h t  research t e s t i n g  has begun t o  v a l i d a t e  10- t o  15- percent a i r c r a f t  performance improvements 
through i n t e g r a t e d  d i g i t a l  e l e c t r o n i c  con t ro l s .  I n  t h e  NASA/DARPA X-2YA forward-swept wing f l i g h t  
demonstrat ion program, the  a i r c r a f t  w i l l  complete the  base l i ne  f l i g h t  program i n  1986 t o  v a l i d a t e  
p r e d i c t i v e  t o o l s  and e x p l o i t  t he  advanced techno log ies  designed i n t o  the  exper imental  a i r c r a f t .  The 
F-18 h i g h  angle- of- at tack f l i g h t  t e s t i n g  w i l l  beg in  i n  the  t h i r d  quar te r  o f  FY 1986 on an unmodi f ied 
F-18. The goa l  of the  program i s  a f l i g h t - v a l i d a t e d  data  base f o r  design o f  h i g h l y  maneuverable 
a i r c r a f t  wi th a 90-degree angle- of- at tack c a p a b i l i t y .  I n i t i a l  f l i g h t  t e s t s  w i l l  focus on the  
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development o f  a f l i g h t - v a l i d a t e d  aerodynamic data  base f o r  c o r r e l a t i o n  wi th  wind t u n n e l  and 
a n a l y t i c a l  p red ic t i ons .  Design s t u d i e s  and wind t u n n e l  t e s t i n g  are  l e a d i n g  t o  t h e  m o d i f i c a t i o n  o f  an 
F-106 a i r c r a f t  t o  v a l i d a t e  the  p r e d i c t e d  improvements on a i r c r a f t  t a k e o f f ,  land ing,  and maneuver 
f l i g h t  performance r e s u l t i n g  from use o f  vo r tex  f l a p  technology. F l i g h t  t e s t i n g  o f  a YAV-BB H a r r i e r  
i s  c o n t i n u i n g  f o r  v a l i d a t i o n  of wind tunnel ,  a n a l y t i c a l ,  and s imu la to r  p r e d i c t i o n s  o f  V/STOL a i r c r a f t  
c h a r a c t e r i s t i c s .  

Dur ing  FY 1986 the  t u r b i n e  engine h o t  s e c t i o n  technology (HOST) program cont inues t o  address the  
i ssues  i n v o l v e d  i n  engine d u r a b i l i t y .  The o b j e c t i v e s  are  t o  e s t a b l i s h  p r e d i c t i v e  methods f o r  t h e  
s t r u c t u r a l  response and l i f e  of h o t  s e c t i o n  components by developing a n a l y s i s  methods, i n s t r u m e n t a t i o n  
and v e r i f i c a t i o n  t e s t  methodology. Dur ing  t h i s  year t h e  new high- temperature s t r u c t u r e s  and f a t i g u e  
l a b o r a t o r y  a t  Lewis Research Center began operat ion.  This unique n a t i o n a l  f a c i l i t y  a l l ows  f o r  the  
study o f  t h e  behavior  o f  t u r b i n e  b lade and burner  l i n e r  m a t e r i a l s  under r e a l i s t i c ,  complex, 
thermomechanical l o a d i n g  cond i t ions .  Improved numer ica l  schemes f o r  3-D aerothermal  f l o w  i n t e r a c t i o n  
w i t h  combustor l i n e r s  have been developed and benchmark exper imental  t e s t s  conducted. Progress on t h e  
development o f  s p e c i a l i z e d  3-D n o n l i n e a r  a n a l y s i s  methodology t o  p r e d i c t  component response and l i f e  
has been subs tan t ia l .  C o n s t i t u t i v e  laws have been developed which a c t u a l l y  p r e d i c t  s i n g l e  c r y s t a l  
b lade response. The a b i l i t y  t o  p r e d i c t  coo lan t  passage heat  t r a n s f e r  d u r i n g  b lade r o t a t i o n  has been 
achieved, g r e a t l y  i n c r e a s i n g  our understanding o f  c o o l i n g  e f f e c t s .  Improved t h e o r i e s  o f  s a l t  
d e p o s i t i o n  on r o t a t i n g  a i r f o i l s  have been developed, l e a d i n g  t o  b e t t e r  models f o r  c o a t i n g  performance 
i n  c o r r o s i v e  t u r b i n e  environments. 

As p a r t  of the a c t i v i t y  t o  develop h i g h e r  performance longer  l i f e  t u r b i n e  b lade mate r ia l s ,  t he  
ceramic research program has cont inued t o  make progress  i n  FY 1986. C r i t i c a l  p rocess ing v a r i a b l e s  i n  
the  p r e p a r a t i o n  o f  s i l i c o n - n i t r i d e  and s i l i c o n- c a r b i d e  powders have been determined. Hot  i s o s t a t i c  
p ress ing  of s i n t e r e d  ceramic bodies has shown a 100-percent improvement i n  f law reduct ion .  A new 
nondes t ruc t i ve  e v a l u a t i o n  approach, l ase r- acous t i c  microscopy, has demonstrated t h e  a b i l i t y  t o  
accu ra te l y  f i nd  50-micron su r face  f l aws  i n  s i l i c o n  n i t r i d e .  I n  t h i s  year an advanced b r i t t l e  des ign 
code, developed in-house a t  Lewis Research Center us ing  B a t d o r f  s t a t i s t i c s ,  has demonstrated g r e a t e r  
accuracy i n  d e s c r i b i n g  ceramic m a t e r i a l  f a i l u r e  response. This code has been re leased t o  i n d u s t r y  and 
i s  seen as a major advance. I n i t i a l  s t u d i e s  on the  a p p l i c a t i o n  o f  ceramic composites f o r  t u r b i n e  
blades have shown promise f o r  the  development o f  "tough" ceramics. 

The o b j e c t i v e  o f  the  j o i n t  NASA/Navy ob l i que  wing program i s  t o  e s t a b l i s h  a f l i g h t - v a l i d a t e d  data  
base f o r  a p p l i c a t i o n  o f  the, technology t o  f u t u r e  c i v i l  and m i l i t a r y  a i r c r a f t .  For  over f o r t y  years 
NASA has i n v e s t i g a t e a  ob l i que  wing technology, i n c l u d i n g  wind t u n n e l  t es ts ,  s imu la t i ons ,  a i r c r a f t  
design s tud ies ,  and low-speed manned and unmanned f l i g h t  t es ts .  These s t u d i e s  have i n d i c a t e d  
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s i g n i f i c a n t  performance advantages f o r  an ob l i que  wing a i r c r a f t ,  as compared t o  a conven t iona l  swept 
wing, fo r  miss ions r e q u i r i n g  b o t h  e f f i c i e n t  subsonic c r u i s e  and supersonic dash performance. I n  
a d d i t i o n ,  t h e  concept o f f e r s  s i g n i f i c a n t  improvement i n  a i r c r a f t  c a r r i e r  a i r p l a n e  s p o t t i n g  r a t i o s  f o r  
Navy f l i g h t  deck operat ions.  

The ob l i que  wing technology development w i l l  be completed by t h e  design, cons t ruc t i on ,  and f l i g h t  
e v a l u a t i o n  o f  an a e r o e l a s t i c a l l y  t a i l o r e d  composite ob l i que  wing a t  t r a n s o n i c  and supersonic speeds. 
The NASA F-8 d i g i t a l  f l y- by- wi re  (DFBW) t e s t  a i r c r a f t  w i l l  be u t i l i z e d  as the  research tes tbed  f o r  t h e  
f l i g h t  program. This a i r c r a f t  p rov ides  f o r  easy i n s t a l l a t i o n  o f  t h e  ob l i que  wing, as w e l l  as a w e l l  
def ined, r e a d i l y  mod i f i ab le ,  h i g h l y  f l e x i b l e ,  d i g i t a l  f l i g h t  c o n t r o l  system. A wing p r e l i m i n a r y  
design c o n t r a c t  has been awarded and w i l l  p rov ide  t h e  b a s i s  f o r  t h e  f i n a l  design and i n i t i a t i o n  of t h e  
f a b r i c a t i o n  o f  t he  wing, p i v o t  mechanism and r e q u i r e d  m o d i f i c a t i o n s  t o  the F-8 DFBW testbed. This 
a c t i v i t y  w i l l  l e a d  t o  the  s t a r t  o f  t h e  f l i g h t  t e s t  program i n  1989. 

CHANGES FRQl FY 1986 BUDGET ESTIMATE 

The r e d u c t i o n  o f  $1  .O m i l l i o n  i n  h i g h  performance a i r c r a f t  systems technology r e f l e c t s  a r e d u c t i o n  
i n  t h e  ob l i que  wing technology program i n  accordance with Congressional  d i r e c t i o n .  This fund ing has 
been r e d i r e c t e d  t o  cover h i g h  p r i o r i t y  requirements i n  the  f l i g h t  systems research and technology base 
program. 

BASIS O f  f Y  1987 ESTIMATE 

The f l i g h t  research a c t i v i t y  i n  FY 1987 w i l l  i n v o l v e  a v a r i e t y  o f  high-performance a i r c r a f t  t o  
i n v e s t i g a t e  advanced concepts. Severa l  p r o j e c t s  w i l l  cont inue t h e i r  f l i g h t  phases d u r i n g  t h i s  
per iod .  The F-15 HIDEC w i l l  complete f l i g h t  t e s t  v a l i d a t i o n  o f  performance improvements r e s u l t i n g  
from p r o p u l s i o n  system v a r i a b l e  opera t ing  l i n e  c o n t r o l .  The NASA/DARPA X-2YA a i r c r a f t  program w i l l  be 
expanded t o  i n c l u d e  A i r  Force p a r t i c i p a t i o n  i n  a fo l low- on f l i g h t  research program on the f i r s t  
a i r c r a f t  within the  es tab l i shed  envelope (ang le  o f  a t t a c k  l e s s  than  20 degrees). The second X-2YA 
a i r c r a f t  w i l l  be mod i f i ed  t o  i n c l u d e  a s p i n  chute t o  enable f l i g h t  research t e s t i n g  o f  t h e  forward- 
swept wing techno log ies  above 20 degrees angle o f  a t tack .  The F-106 a i r c r a f t  w i l l  conduct f l i g h t  
t e s t s  o f  t h e  vo r tex  f l a p  concept f o r  c o r r e l a t i o n  w i th  wind t u n n e l  and a n a l y t i c a l  p r e d i c t i o n s .  The F- 
18 h i g h  angle- of- at tack t e s t i n g  w i l l  cont inue.  Inc luded  w i l l  be measurements o f  forebody aerodynamics 
w i th  vo r tex  i n t e r a c t i o n s  and c o r r e l a t i o n  wi th  wind t u n n e l  and a n a l y t i c a l  p red ic t i ons .  The YAV-bB 
H a r r i e r  f l i g h t  t e s t  program w i l l  complete the  base l i ne  aerodynamic and engine b leed f l o w  experiments 
and i n i t i a t e  f l i g h t  i n v e s t i g a t i o n s  t o  support  supersonic STOVL a i r c r a f t  concept design s tud ies .  

Dur ing  FY 1987, the  t u r b i n e  engine h o t  s e c t i o n  technology program w i l l  cont inue t o  concent ra te  on 
deve lop ing improvements i n  high- temperature i ns t rumen ta t ion ,  methods f o r  s t r u c t u r a l  ana lys is ,  
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aerothermomechanical environment modeling, and l i f e  p r e d i c t i o n .  Research w i l l  con t inue  on the  
development o f  an accura te  model f o r  d i l u t i o n  j e t  e f f e c t s  on combustor f low. A d d i t i o n a l l y ,  an 
improved l a s e r  anemometer system f o r  the  measurement o f  high- temperature f l o w  i n  the  combustor w i l l  be 
completed. Heat t r a n s f e r  research w i l l  concent ra te  on developing an advanced t u r b i n e  a i r f o i l  
t u r b u l e n t  f l ow  model, i n c l u d i n g  r o t o r - s t a t o r  i n t e r a c t i o n .  Once developed, t h e  more accura te  heat  
loads can be a p p l i e d  t o  p r e d i c t  t h e  a i r f o i l  s t r u c t u r a l  response c h a r a c t e r i s t i c s .  S tud ies  o f  t h e  
non l i nea r  3-U response o f  combustor components under h i g h  heat  g r a d i e n t s  w i l l  cont inue.  Time- 
dependent crack propagat ion  p r e d i c t i o n  methodologies w i l l  be emphasized l e a d i n g  t o  a g r e a t l y  improved 
l i f e  p r e d i c t i o n  a b i l i t y  o f  l i n e r s ,  vanes, and blades. 

The research on m o n o l i t h i c  s i l i c o n - n i t r i d e  and s i l i c o n- c a r b i d e  ceramics w i l l  con t inue  t o  develop 
improved understanding o f  t h e  process ing s teps necessary t o  achieve h i g h l y  r e l i a b l e  t u r b i n e  blades. 
The c o r r o s i o n  response o f  ceramic i n  t h e  aggressive gas t u r b i n e  engine environment w i l l  be modeled. 
This nex t  year w i l l  see i n c r e a s i n g  emphasis on ceramic m a t r i x  ma te r ia l s .  Processing v a r i a b l e s  f o r  
s i l i c o n  ca rb ide  wi th embedded cont inuous ceramic f i b e r s  w i l l  be a major focus. Re la ted deformat ion 
and f r a c t u r e  mechanics w i l l  be s t u d i e d  and i n i t i a l  c o n s t i t u t i v e  a n a l y s i s  begun. Nondest ruc t ive  
e v a l u a t i o n  techniques w i l l  be cont inued w i th  emphasis on near su r face  f l o w  de tec t i on .  

I n  1967 t h e  c o n t r a c t  f o r  f i n a l  design, f a b r i c a t i o n ,  and ground q u a l i f i c a t i o n  t e s t i n g  o f  t h e  o b l i q u e  
wing and F-8 DFBW a i r c r a f t  system in ter faces /modif ica t ions  w i l l  be awarded. In-house NASA/Navy wing 
aerodynamic design and d i r e c t  p r o j e c t  support  research and technology a c t i v i t i e s  w i l l  be continued. 
The in-house program w i l l  i n c l u d e  wind t u n n e l  i n v e s t i g a t i o n s ,  s imula t ions ,  and t h e  a p p l i c a t i o n  of 
advanced aerodynamic and s t r u c t u r a l  a n a l y s i s  computer codes. 
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1986 1987 
1985 Budclet Cur ren t  Budget 

Ac tua l  E s t i i a t e  Est imate Est imate 
(Thousands o f  D m  

Advanced p ropu l s ion  systems technology 
Advanced turboprop systems. ......... 24 , 0UO 42, 0UU 42 , 000 26 , 0U0 
General aviation/commuter engine.. . . 2 , 100 2 , 2U0 2,200 2.400 

Total............................... 26,100 44,200 44 , 200 28 , 40U 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t he  advanced p ropu l s ion  systems technology program i s  t o  exp lo re  and e x p l o i t  
advanced technology concepts for  f u t u r e  a i r c r a f t  p r o p u l s i o n  systems i n  h igh- payof f  areas through the  
focusing o f  fundamental research and technology e f f o r t s  and i n t e g r a t i o n  o f  advanced p r o p u l s i o n  
componen'ts. 

A c t i v i t i e s  i n  the  advanced turboprop systems program are  devoted t o  e s t a b l i s h i n g  concept f e a s i b i l i t y  
and p r o v i d i n g  the  broad research and technology data base necessary f o r  ach iev ing  the  concept 's  f u l l  
p o t e n t i a l .  I n f o r m a t i o n  on aerodynamic performance, a e r o e l a s t i c  s t a b i l i t y ,  and acous t i c  environment 
w i l l  be obta ined f o r  the  data base and used p a r t i a l l y  t o  suppor t  f l i g h t  t e s t  programs f o r  v e r i f i c a t i o n  
and f o r  o b t a i n i n g  data under a c t u a l  f l i g h t  cond i t ions .  The 9- foot- diameter la rge- sca le  advanced 
p r o p e l l e r  (LAP), t o  be used d u r i n g  f l i g h t  t e s t s ,  and the  2- foot- diameter a e r o e l a s t i c  model o f  t he  LAP 
have been fabr ica ted .  Wind tunne l  t e s t s  o f  t he  a e r o e l a s t i c  model conf i rmed s t a b i l i t y  up t o  a Mach 
number o f  0.85, t he  h ighes t  planned d u r i n g  f l i g h t  t e s t i n g .  The LAP was s t a t i c  ground t e s t e d  a t  t h e  
Wr ight- Pat terson A i r  Force Base f o r  t a k e o f f  performance, b lade s t r e s s  l e v e l s ,  and s t a l l  f l u t t e r ,  and 
a l l  were found t o  be as predic ted.  Dur ing  FY 1986 the  LAP w i l l  be t e s t e d  i n  a high-speed wind t u n n e l  
f o r  performance and f l u t t e r  boundaries. One-ninth sca le  model t e s t s  o f  t he  p r o p e l l e r  t e s t  assessment 
f l i g h t  t e s t  a i r c r a f t  with the  turboprop i n s t a l l e d  have prov ided f l u t t e r  and high-speed drag 
c h a r a c t e r i s t i c s .  I n  1986 the  a i r c r a f t  model w i l l  be used t o  determine low-speed s t a b i l i t y  and c o n t r o l  
c h a r a c t e r i s t i c s ,  and a ground t e s t  w i l l  be performed on t he  LAP mated with the  f l i g h t  gearbox and 
turboprop power sect ion.  Ground t e s t s  o f  t he  General E l e c t r i c  unducted fan engine, a gear less  
coun te r- ro ta t i on  p rop fan  concept, were i n i t i a t e d  i n  September 1985 and w i l l  be completed i n  March 
1966. I n i t i a l  r e s u l t s  show p r o p u l s i o n  and a e r o e l a s t i c  performance as pred ic ted ,  as w e l l  as good 
p r o p e l l e r  speed con t ro l .  Prope l le r /w ing  i n s t a l l e d  aerodynamic data f o r  a n a l y t i c a l  code v e r i f i c a t i o n  
was ob ta ined i n  a wind tunne l  i n v e s t i g a t i o n .  To develop a f i r m  understanding o f  how p r o p e l l e r  
parameters, such as sweep and spacing, a f f e c t  acout ics,  a parameter ic  s tudy i s  be ing  conducted with 2- 
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foot-diameter geared and gear less  c o u n t e r- r o t a t i o n  p rope l l e rs .  
can be mainta ined a t  reduced no ise  l e v e l s .  

These t e s t s  show t h a t  good performance 

I n  the  genera l  aviation/commuter engine systems technology program, aimed a t  r a i s i n g  the  performance 
l e v e l  o f  s m a l l  t u r b i n e  engines t o  more p r o p o r t i o n a t e l y  match t h a t  o f  l a r g e  engines, work i s  focused on 
p r o v i d i n g  fundamental measurements t o  l e a d  t o  a d e t a i l e d  understanding o f  how improvements can be 
made. The m u l t i s t a g e  compressor f a c i l i t y  was used t o  o b t a i n  fundamental da ta  such as v e l o c i t i e s ,  
pressures, and surge margin fo r  v e r i f i c a t i o n  o f  3-D a n a l y t i c a l  codes. Turb ine b l a d i n g  was i n s t a l l e d  
i n  the  new exper imenta l  f a c i l i t y  f o r  determin ing loss mechanisms i n  s m a l l  t u rb ines .  Tests were 
cont inued t o  prove c e n t r i f u g a l  compressor s c a l i n g  laws and w i l l  be completed i n  FY 1986. I n  the  j o i n t  
N A S A / A i r  Force program f o r  c r u i s e  m i s s i l e  technology, t h e  combustor was assembled f o r  experiments t o  
eva luate  temperature p r o f i l e s .  Smal l  engine systems s t u d i e s  t o  i d e n t i f y  e f f i c i e n t  c y c l e s  and high-  
y i e l d  technology areas were completed and w i l l  p rov ide  t h e  foundat ion  f o r  a long- range p l a n  f o r  
advanced s m a l l  t u r b i n e  engines. 

BASIS OF FY 1987 ESTIMATE 

I n  FY 19U7 advanced turboprop systems research w i l l  emphasize t h e  f l i g h t  t e s t  o f  t h e  LAP i n  a 
p r o p e l l e r  t e s t  assembly f o r  concept v e r i f i c a t i o n  and broadening o f  t h e  data  base t o  f l i g h t  c o n d i t i o n s  
and suppor t i ng  technology f o r  cab in  acous t i cs  and turboprop/a i r f rame i n s t a l l a t i o n  aerodynamics. The 
LAP, nace l l e ,  and turboprop power s e c t i o n  w i l l  be i n s t a l l e d  on a m o d i f i e d  Gul fst ream I1 a i r c r a f t  f o r  
f l i g h t  t e s t i n g  i n  FY 1987. The f l i g h t  t e s t s  w i l l  eva luate  la rge- sca le  s t ruc tu res ,  ae roe las t i cs ,  
p r o p e l l e r  source noise, and un t rea ted  cab in  environment a t  a v a r i e t y  o f  f l i g h t  c o n d i t i o n s  up t o  a Mach 
number o f  U.85 and an a l t i t u d e  o f  35,ObO feet .  More fundamental ly, c a b i n  acous t i cs  research i s  be ing  
performed and w i l l  i n c l u d e  development o f  a n a l y t i c a l  techniques t o  p r e d i c t  cab in  environment f o r  
va r ious  inputs o f  p r o p e l l e r  source no ise  and cab in  t reatment  concepts t h a t  have the  p o t e n t i a l  t o  
achieve a t t e n u a t i o n  l e v e l s  r e q u i r e d  f o r  high-speed p rope l l e rs .  I n s t a l l a t i o n  aerodynamics research 
w i l l  i n c l u d e  a n a l y t i c a l  and exper imenta l  technology development t o  determine high-speed performance 
and low-speed s t a b i l i t y  and c o n t r o l  f o r  c o n f i g u r a t i o n s  o f  p r a c t i c a l  i n t e r e s t  n o t  y e t  s t u d i e d  i n  
d e t a i l ,  i n c l u d i n g  wing- ana aft-mounted, s i n g l e -  and c o u n t e r- r o t a t i o n  concepts. 

The genera l  aviation/commuter engine technology e f f o r t  w i l l  con t inue  t o  focus on developing 
fundamental understanding and o b t a i n i n g  an a n a l y t i c a l  and exper imental  da ta  base f o r  use i n  f u t u r e  
advanced s m a l l  engines. F a b r i c a t i o n  o f  t h e  l a r g e  low-speed c e n t r i f u g a l  compressor, t o  be used for  
d e f i n i t i o n  o f  t he  f l o w  f i e l d ,  w i l l  be completed. Combustor p a t t e r n  f a c t o r  s t u d i e s  t o  understand how 
t o  improve the  temperature p r o f i l e  fo r  l onger  t u r b i n e  b lade l i f e  w i l l  be undertaken, and l a s e r  
measurements t o  a i d  i n  understanding loss mechanisms i n  t u r b i n e  f l o w  f i e l d s  w i l l  be made. 
Regenerator / recuperator  heat  t r a n s f e r  s t u d i e s  w i l l  be s ta r ted .  Based on the  s m a l l  engine systems 
s tud ies ,  an o v e r a l l  technology development p l a n  w i l l  be developed. 
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1986 1987 
19t15 Budget Cur rent  Budget 

Ac tua l  Es t imate  Est  i m a t  e Est imate  
(Thousands o f  D m  

Numerical aerodynamic simulation...... 26,472 28,200 28,201r 30, OOU 

OBJECTIVES AND STATUS: 

The numer ica l  aerodynamic s i m u l a t i o n  (NAS) program o b j e c t i v e  i s  t o  s i g n i f i c a n t l y  augment the  
n a t i o n ' s  c a p a b i l i t i e s  i n  computat ional  f l u i d  dynamics and o the r  areas o f  computa t iona l  phys ics  by 
developing a preeminent c a p a b i l i t y  f o r  numer ical  s i m u l a t i o n  o f  aerodynamic flows. This program w i l l  
p rov ide  t h e  computat ional  c a p a b i l i t i e s  r e q u i r e d  t o  o b t a i n  s o l u t i o n s  t o  problems which a re  c u r r e n t l y  
i n t r a c t a b l e .  Ongoing research and technology base e f f o r t s  i n  computa t iona l  aerodynamics w i l l  b e n e f i t  
s i g n i f i c a n t l y  from the  advanced computat ional  c a p a b i l i t i e s  t o  be p rov ided  by t h e  NAS program. The 
combinat ion o f  these programs w i l l  p rov ide  p a t h f i n d i n g  ae ronau t i ca l  research fo r  t h e  fu tu re ,  a l l o w i n g  
s o l u t i o n s  o f  t he  f u l l  Navier-Stokes equations, p r o v i d i n g  f i r s t - p r i n c i p l e  p r e d i c t i o n  o f  v iscous f l o w  
about s imple  a e r o n a u t i c a l  shapes, and enab l ing  the  p r e d i c t i o n  o f  performance o f  complete a i r c r a f t .  
The NAS program w i l l  develop an ex tens ive  u s e r- f r i e n d l y  system t o  a s s i s t  engineers and s c i e n t i s t s  i n  
a l l  aspects o f  problem s o l u t i o n ,  from problem f o r m u l a t i o n  through g r a p h i c a l  p r e s e n t a t i o n  o f  r e s u l t s .  
The h e a r t  o f  t h i s  system i s  the  high-speed processors, which w i l l  be upgraded when new supercomputer 
systems, a t  l e a s t  f o u r  t o  s i x  t imes more power fu l  than e x i s t i n g  machines, become a v a i l a b l e .  These 
machines w i l l  p rov ide  t h e  large-capacity/high-speed computa t iona l  c a p a b i l i t y  r e q u i r e d  i n  advanced 
f l u i d  dynamic research and app l i ca t i ons .  

The NAS program study and p lann ing  phase was i n i t i a t e d  i n  the  research and technology base i n  FY 
1983, w i th  system development beg inn ing i n  FY 1984. The system design review was h e l d  i n  FY 1984 and 
fo rma l i zed  the  design o f  t h e  NAS system. The system sof tware  development c o n t r a c t o r  began development 
o f  t h e  network language and p r o t o c o l s  d u r i n g  FY 1984. Major  hardware procurements were i n i t i a t e a  i n  
FY 1964, l e a d i n g  t o  assembly o f  t he  i n i t i a l  ope ra t ing  c o n f i g u r a t i o n  d u r i n g  FY 1985. F u l l - s c a l e  
development o f  t he  NAS network hardware began with t h e  d e l i v e r y  o f  t he  i n t e g r a t e d  support  processor 
complex ( f ron t- end computers and suppor t i ng  equipment) i n  mid-FY 1985. The f i r s t  high-speed processor, 
a Cray 2 supercomputer, was d e l i v e r e d  l a t e  i n  FY 1985 and i n t e g r a t i o n  i n t o  the  NAS network begun. The 
f i r s t  p a r t  o f  FY 1986 i s  an i n t e n s e  t e s t  and i n t e g r a t i o n  p e r i o d  l e a d i n g  t o  o p e r a t i o n a l  s t a t u s  o f  the  
NAS i n i t i a l  ope ra t ing  c o n f i g u r a t i o n  (IOC) d u r i n g  t h e  t h i r d  quar te r  of FY 1986. Dur ing  FY 1986 
c o n s t r u c t i o n  w i l l  be completed f o r  the  NAS f a c i l i t y .  
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FY 1987 w i l l  be t h e  key year i n  t h e  development o f  t h e  NAS system. The NAS b u i l d i n g  w i l l  be 
occupied and t h e  second high- speed p r o c e s s o r  (HSP-Z), which w i l l  be f o u r  t o  s i x  times more powerful  
than  HSP-1, w i l l  be  i n s t a l l e d .  Secure  ( c l a s s i f i e d )  p r o c e s s i n g  w i l l  be i n i t i a t e d  w i t h  t h e  move i n t o  
t h e  new b u i l d i n g .  During FY 1987 t h e  I O C ,  b u i l t  around HSP-1, w i l l  be used t o  o b t a i n  t h e  f i r s t  
s o l u t i o n  f o r  s u b s o n i c  and t r a n s o n i c  v i s c o u s  f low abou t  complete  a i r c ra f t  c o n f i g u r a t i o n s .  I t  w i l l  a l s o  
be used t o  p rov ide  p a t h f i n d i n g  v i s c o u s  f low s o l u t i o n s  t o  s u p e r s o n i c / h y p e r s o n i c  a i r f r a m e / p r o p u l s i o n  
i n t e g r a t i o n  f o r  advanced c o n f i g u r a t i o n s  be ing  s t u d i e d  i n  t h e  n a t i o n a l  a e r o s p a c e  p l a n e  program and t o  
o b t a i n  complete  f low f i e l d  s o l u t i o n s  f o r  complex nonequ i l ib r ium,  chemica l ly  r e a c t i n g ,  and r a d i a t i n g  
f lows about  c a n d i d a t e  a e r o a s s i s t e d  o r b i t a l  t r a n s f e r  v e h i c l e s .  The a c q u i s i t i o n  and i n s t a l l a t i o n  o f  t h e  
HSP-2, which c o n s t i t u t e s  t h e  NAS extended o p e r a t i n g  c o n f i g u r a t i o n  (EOC), w i l l  complete  t h e  i n i t i a l  
p lanned a r c h i t e c t u r e  o f  t h e  NAS system. I t  w i l l  serve as t h e  f o u n d a t i o n  f o r  t h e  upgrading o f  t h e  
major subsystems i n  t h e  b u i l d i n g  toward t h e  EOC. The mass s t o r a g e  subsystem w i l l  be expanded t o  
hand le  t h e  a d d i t i o n a l  a r c h i v a l  s t o r a g e  r e q u i r e d  f o r  s u p p o r t  of  t h e  HSP-2. The g r a p h i c s  subsystem 
development w i l l  be a c c e l e r a t e d  t o  accommodate both  high- speed p r o c e s s o r s .  During t h i s  p e r i o d ,  system 
s o f t w a r e  development w i l l  c o n t i n u e ,  and a l l  new components w i l l  undergo e x t e n s i v e  tes t  and 
i n t e g r a t i o n .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET SUHMARY 

W F I C E  OF AERONAUTICS AND SPACE TECHNOLOGY TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 
1986 1987 

1985 Budget Current Budget Page 
Number Actual Estimate Estimate Estimate 

(Thousands o f  D j  

Transatmospheric research and technology --- --- --- 45,000 RD 14-2 

D i s t r i b u t i o n  o f  Proaram Amount bv I n s t a l l a t i o n  

Ames Research Center.................... --- 
Langley Research Center................. --- 
Lewis Research..............,.......... - --- 

--- Total................................. - - 

6,250 
23, OGU 
15,750 

45, IJOO 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

WFlCE W AERONAUTICS AND SPACE TECHNOLOGY TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY 

PR8€%#U4 8E33ECflVES AND JUSTIFICATION 

NASA, i n  con junc t ion  w i th  t h e  Department o f  Defense, i s  developing the  technology base f o r  a 
p o t e n t i a l  n a t i o n a l  aerospace plane. The o b j e c t i v e  o f  t h e  NASA t ransatmospher ic research and 
technology program i s  t o  acce le ra te  t h e  development o f  t h e  c r i t i c a l  enab l ing  techno log ies  f o r  a 
p o t e n t i a l  r e v o l u t i o n a r y  new c l a s s  o f  hypersonic/transatmospheric v e h i c l e  i n  the  f u t u r e .  Such a 
v e h i c l e  cou ld  be capable o f  h o r i z o n t a l l y  t a k i n g  o f f  from and l a n d i n g  on convent iona l  runways, u s i n g  
a i r b r e a t h i n g  p ropu ls ion  up to ,  or  near, o r b i t a l  speed, and p r o v i d i n g  r a p i d  and low- cost access t o  
space. This augmentation o f  p rev ious  NASA in-house research and technology base e f f o r t s  would 
acce le ra te  the  development and v a l i d a t i o n  o f  key techno log ies  th rough f a b r i c a t i o n  o f  components and 
subsystems by t e s t i n g  i n  ground-basea f a c i l i t i e s  and smal l- scale f l i g h t  experiments. The c r i t i c a l  
techno log ies  i n c l u d e  e f f i c i e n t  a i r b r e a t h i n g  p r o p u l s i o n  w i t h  emphasis on scramjet  techniques t h a t  
p rov ide  n e t  thrust from t a k e o f f  t o  near o r b i t a l  speeds; reusab le  thermal  s t r u c t u r e s  t h a t  can w i ths tand  
repeated combinations o f  extreme peak hea t ing  and long- durat ion  heat  loads; and complete i n t e g r a t i o n  
o f  t h e  p r o p u l s i o n  system with t h e  a i r f r a m e  fo r  a m i n i m u m  weight system with good performance 
throughout  a broad range o f  acce le ra t i on ,  c ru i se ,  and maneuvering f l i g h t  cond i t i ons .  A necessary 
p recu rso r  t o  p o s s i b l e  f u t u r e  year dec is ions  on a demonstrator research a i r c r a f t  program, these 
v a l i d a t e d  techno log ies  cou ld  form t h e  c r i t i c a l  da ta  base r e q u i r e d  f o r  design and i n t e g r a t i o n  of 
complex p r o p u l s i o n  and s t r u c t u r a l  systems i n t o  a v e h i c l e  c o n f i g u r a t i o n  capable o f  t ransatmospher ic 
f l i g h t .  

This program i s  an outgrowth o f  t h e  ongoing aeronaut ics  and space research and technology 
programs. I t  i s  a m u l t i c e n t e r  program (Ames, Langley, and Lewis) d i r e c t e d  a t  genera t ing  t h e  
techno log ies  r e q u i r e d  t o  p rov ide  the  v a r i e t y  o f  o p t i o n s  a f f o r d e d  by a i r b r e a t h i n g  t ransatmospher ic 
vehic les.  The o p p o r t u n i t i e s  f o r  e x p l o i t i n g  t h i s  regime f o r  advancement of n a t i o n a l  i n t e r e s t s  a r e  
broad ly  recognized -- i n c l u d i n g  launch veh ic les ,  hypersonic t ranspor t s ,  and m i l i t a r y  a p p l i c a t i o n s .  

BASIS FOR FY 1987 ESTIMATE 

Suppor t ing  a c t i v i t i e s  ongoing i n  the  NASA research and technology base i n c l u d e  research i n  
a i r b r e a t h i n g  hydrogen- fueled scramjet  p r o p u l s i o n  technology, advanced high- temperature m a t e r i a l s  and 
thermal  s t r u c t u r a l  concepts, and computat ional  f l u i d  dynamics -- the t h r e e  c r i t i c a l  techno log ies  f o r  
t ransatmospher ic v e h i c l e  app l i ca t i ons .  The FY 1987 program w i l l  focus on development o f  a n a l y s i s  ana 
p r e d i c t i o n  techniques and v a l i d a t i o n  o f  t he  performance f o r  a i r b r e a t h i n g  p r o p u l s i o n  concepts, a c t i v e l y  
cooled high- temperature s t ruc tu res ,  c ryogen ic  i n s u l a t e d  tankage, c o n f i g u r a t i o n  aerodynamics, and 
p r o p u l s i o n  sys tem/a i r c ra f t  i n t e g r a t i o n  c h a r a c t e r i s t i c s .  

RD 14-2 



SPACE RESEARCH 
AND 

TECHNOLOGY 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET S M A R Y  

OFFICE OF AERONAUTICS AND *ACE TECHNOLOGY SPACE RESEARCH AND TECHNOLOGY PROGRAM 

W A R Y  OF RESOURCES REQUIREMENTS 

1985 
A c t u a l  

Research and technology base .......... 136. 358 
Systems technology programs ........... 8. 742 
Standards and p r a c t i c e s  ............... 4. 900 

T o t a l  ............................... 150. 000 

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n  

Johnson Space Center .................. 
Kennedy Space Center .................. 
Goddard Space F l i g h t  Center ........... 
Ames Research Center .................. 
Lewis Research Center ................. 
Headquarters .......................... 

M a r s h a l l  Space F l i g h t  Center .......... 
J e t  P ropu l s i on  Labora to ry  ............. 
Langley Research Center ............... 

12. 947 
3Y 6 

14. 162 
6. 492 

15. 770 

30. 524 
6. 773 

24. 983 

37. 953 

T o t a l  ............................... 15b. 0bL~ 

1986 
Budget Cur ren t  

Es t imate  Es t imate  
(Thousands o f  b- 

140. 000 132. bo0 
20. 000 27. 200 

8. 000 8. UUO 

168. 000 168. 0clIj 

11. 600 
60U 

20. 200 
6. 6b0 

23. 400 
15. 300 
45. 00u 
37. 800 

7. 5u0 

10. 600 
401, 

17. b00 
6. 70b 

23. 700 
16. 200 
46. 1110 

9. 200 
37. 3rJ0 

168 . 000 168. 000 

1987 
Budget Page 

Es t imate  Number 

133. 600 RD 15-5 
37. 40b RD 15-35 

9 .  200 RD 15-46 

180. 200 

10. 800 
1c10 

19. 400 
7. 000 

27. 900 
18. 900 
48. 400 
37. 9130 

9. 800 

180. 200 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

WFITCE BERBNAUTICS AND SPACE TECHNOLOGY SPACE RESEARCH AND TECHNOLOGY PROGRAM 

PWBGRM OBJECTIVES - AND JUSTIFICATION 

The o v e r a l l  g o a l  o f  t h e  space research and technology program i s  t o  advance the  technology base i n  
suppor t  o f  NASA's r o l e  as an e f fec t i ve ,  p roduct ive ,  and long- term c o n t r i b u t o r  t o  t h e  cont inued 
preeminence o f  t h e  Un i ted  S ta tes  i n  space. The s p e c i f i c  o b j e c t i v e s  o f  t h i s  program a r e  to:  (1) 
suppor t  a broad-based advanced technology program designed t o  p rov ide  new concepts, ma te r ia l s ,  
components, devices, sof tware,  and subsystems f o r  use i n  U n i t e d  S ta tes  space a c t i v i t i e s ;  ( 2 )  assure 
preeminent n a t i o n a l  c a p a b i l i t y  th rough ex tens ive  p a r t i c i p a t i o n  i n  t h e  program by t h e  NASA centers,  
o the r  government agencies, u n i v e r s i t i e s ,  and i n d u s t r i a l  research and technology o rgan iza t ions ;  and (3 )  
suppor t  a s t rong  i n s t i t u t i o n a l  base t o  ma in ta in  NASA cen te rs  i n  p o s i t i o n s  o f  recognized exce l lence i n  
c r i t i c a l  space technologies.  The space research and technology program i s  comprised o f  two major 
elements: (1) t h e  research and technology base t o  suppor t  advanced d i s c i p l i n a r y  techno log ies  t h a t  
p rov ide  the  necessary base o f  understanding t o  c rea te  new o p p o r t u n i t i e s  f o r  f u t u r e  n a t i o n a l ,  c i v i l ,  
m i l i t a r y ,  and commercial space m iss ion  ob jec t i ves ;  and ( 2 )  systems technology programs which extend 
research and technology base e f f o r t s  by p r o v i d i n g  system- level  and in-space experiment c a p a b i l i t i e s  
which pe rm i t  t he  genera t ion  o f  da ta  n o t  p o s s i b l e  i n  ground f a c i l i t i e s  and t h e  _.- i n  s i t u  v a l i d a t i o n  of 
advanced technology i n  support  o f  i t s  t r a n s f e r  i n t o  space p ro jec ts .  

CHaNGES F R M  FY P 1986 BUDGET ESTIMATE 

The space research and technology program t o t a l  remains unchanged from the FY 1986 budget est imate;  
however, within t h i s  program, rea l ignments  have been made t o  cover h i g h  p r i o r i t y  requirements, as 
descr ibed i n  the  i n d i v i d u a l  program statements. I n  a d d i t i o n ,  t he  O T V  techno log ies  program ($3.0 
m i l l i o n )  has been t r a n s f e r r e d  from systems technology t o  t h e  space research and technology base, and 
the  automat ion and r o b o t i c s  e f f o r t  ($10.2 m i l l i o n ) ,  p r e v i o u s l y  budgeted and managed i n  va r ious  
programs within the space research and technology base, has been conso l i da ted  and e s t a b l i s h e d  as a 
systems technology program beg inn ing i n  FY 1986 f o r  management focus. 

BASIS OF FY 1987 ESTIMATE 

The FY 1987 program i n  space research and technology w i l l  con t inue  t o  be d i r e c t e d  towara p r o v i d i n g  
t h e  broad base o f  i n n o v a t i v e  technology e s s e n t i a l  t o  t h e  conduct o f  f u t u r e  space missions. As such, 
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i t  supports agency goa ls  i n  space t r a n s p o r t a t i o n ,  space s t a t i o n ,  and space science and a p p l i c a t i o n s ,  
as w e l l  as p r o v i d i n g  s y n e r g i s t i c  suppor t  t o  m i l i t a r y  and commercial space user needs. 

I n  aerothermodynamics, cont inued program emphasis w i l l  be on developing a n a l y t i c a l  and p r e d i c t i v e  
techniques f o r  the  t r a n s i t i o n  regime and l i n k i n g  between continuum and r a r e f i e d  f l o w  regimes. 
A d d i t i o n a l  emphasis w i l l  be p laced on i n v e s t i g a t i n g  aerodynamic and aerothermodynamic performance o f  
ae roass is t  o r b i t  t r a n s f e r  v e h i c l e s  (AOTV) and t ransatmospher ic vehic les.  The space energy convers ion 
program w i l l  cont inue i t s  emphasis on high- capaci ty  power and thermal  systems f o r  e v o l u t i o n a r y  space 
s t a t i o n  needs and on technology f o r  h i g h- s p e c i f i c  power, low-weight systems f o r  low- ear th  and 
geosynchronous o r b i t s  and p l a n e t a r y  missions. P ropu ls ion  technology w i l l  be d i r e c t e d  toward 
understanding performance and l i f e  parameters fo r  advanced cryogen ic  engines, s t r e s s i n g  component and 
i n t e g r a t e d  d i a g n o s t i c  i n s t r u m e n t a t i o n  techniques; o r b i t  t r a n s f e r  engine technology t o  enable 
development of space-based, t h r o t t l e a b l e ,  reusab le  systems; and technology f o r  gaseous oxygen-hydrogen 
p r o p e l l a n t  systems f o r  e v o l u t i o n a r y  growth s t a t i o n  or  O T V  a u x i l i a r y  p r o p u l s i o n  needs. The e l e c t r i c  
p r o p u l s i o n  e f f o r t  w i l l  address a u x i l i a r y  p r o p u l s i o n  app l i ca t i ons ,  w i th  c o n t i n u i n g  a t t e n t i o n  on 
fundamental l i f e  and performance l i m i t i n g  mechanisms and th rus te rs .  M a t e r i a l s  and s t r u c t u r e s  
a c t i v i t i e s  w i l l  cont inue with research i n  la rge- area space s t r u c t u r e s ,  emphasizing e rec tab les  and 
deployabkes, and a n a l y s i s  o f  dynamic response and c o n t r o l s  i n t e r a c t i o n .  The work on improved thermal  
p r o t e c t i o n  systems and r e l a t e d  t h e r m a l- s t r u c t u r a l  a n a l y s i s  methodology f o r  O T V  aerobrak ing and o t h e r  
advanced t r a n s p o r t a t i o n  v e h i c l e  concepts w i l l  cont inue.  The e f f e c t s  o f  t h e  space environment, 
p a r t i c u l a r l y  atomic oxygen i n t e r a c t i o n  on l i g h t w e i g h t  m a t e r i a l s  f o r  spacec ra f t  and p la t fo rms,  w i l l  
cont inue as a major thrust. I n  space data  and communications, emphasis w i l l  be p laced on advanced 
i n f o r m a t i o n  processing, h igh- capaci ty ,  h i g h  data- ra te  s torage systems t o  increase t h e  c a p a b i l i t i e s  o f  
on-board data  systems and advanced microwave and o p t i c a l  communications technology. The i n f o r m a t i o n  
sc iences program w i l l  emphasize sof tware  technology, r e l i a b l e  computing, concur rent  processing,  
r a d i a t i o n- t o l e r a n t  e l e c t r o n i c s ,  and sensing technology f o r  p o t e n t i a l  spacec ra f t  and space s t a t i o n  
app l i ca t i ons .  Emphasis i n  the  c o n t r o l s  and guidance area w i l l  be p laced on p r e c i s e  c o n t r o l  o f  l a rge ,  
f l e x i b l e  space s t r u c t u r e s ;  the  p r e c i s i o n  p o i n t i n g  o f  l a r g e  spacecra f t ;  and adapt ive  guidance concepts 
f o r  f u t u r e  t r a n s p o r t a t i o n  systems. Human f a c t o r s  e f f o r t s  are  aimed a t  t h e  enhancement o f  as t ronau t  
p r o d u c t i v i t y  th rough improved crew s t a t i o n s  w i th  "human engineered" i n f o r m a t i o n  management techniques 
and e x t r a v e h i c u l a r  work s ta t i ons .  

E f f o r t s  i n  space f l i g h t  research and technology w i l l  cont inue t o  be d i r e c t e a  toward the  o r b i t e r  
experiments program, which w i l l  e x p l o i t  t h e  o p e r a t i o n a l  f l i g h t s  o f  s h u t t l e  t o  i n v e s t i g a t e  t h e  
aerodynamic and aerothermodynamic phenomena o f  t h e  c u r r e n t  s h u t t l e  as a means o f  v a l i d a t i n g  
exper imental  and p r e d i c t i v e  techniques fo r  t h e  design and development o f  f u t u r e  space t r a n s p o r t a t i o n  
systems; t h e  design d e f i n i t i o n  f o r  the  ae roass is t  f l i g h t  experiment t o  p rov ide  the  data  base f o r  
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f u t u r e  space-based o r b i t a l  t r a n s f e r  veh ic les ;  t he  c ryogen ic  f l u i d  management f l i g h t  experiment t o  
develop t h e  technology base f o r  space s t a t i o n  opera t ions  and a space-based o r b i t a l  t r a n s f e r  veh ic le ;  
t he  development o f  a s h u t t l e  common c a r r i e r  f o r  s t r u c t u r e  and c o n t r o l / s t r u c t u r e  i n t e r a c t i o n  
experiments ( c a l l e d  STEP -- space technology experiments p l a t  form) ; and the  in-space experiments 
program which w i l l  p rov ide  access t o  space on NASA v e h i c l e s  f o r  t h e  conduct o f  user ( i n d u s t r y  and 
u n i v e r s i t y )  space exper imentat ion.  The systems a n a l y s i s  area w i l l  focus on the  i d e n t i f i c a t i o n  of 
requirements and high- leverage techno log ies  f o r  the  development o f  f u t u r e  space missions,  such as a 
p r i o r i t y  e a r t h- t o- o r b i t  t r a n s p o r t a t i o n  v e h i c l e  and t h e  e v o l u t i o n a r y  space s t a t i o n .  The a n a l y s i s  
e f f o r t s  p rov ide  scope and d i r e c t i o n  t o  the  base research programs and i d e n t i f y  system- level  technology 
programs r e q u i r e d  t o  assure t r a n s i t i o n  o f  i d e n t i f i e d  techno log ies  i n t o  f l i g h t  programs. 

I n  systems technology, t h e  advanced e a r t h- t o- o r b i t  technology program w i l l  focus on p r o v i d i n g  
system- level  da ta  f o r  modeling performance and l i f e  and on e v a l u a t i n g  advanced technology components 
designed t o  improve l i f e  and reduce maintenance c o s t s  i n  advanced engines. The components w i l l  be 
i n s t a l l e d  on a tes tbed engine and instrumented t o  p rov ide  t h e  o v e r a l l  understanding and data  base on 
performance i n  the  r e a l i s t i c  h o t - f i r e d  engine environment. This i s  a j o i n t  program i n  which the  
O f f i c e  o f  Space F l i g h t  w i l l  p rov ide  a n o n- f l i g h t  space s h u t t l e  main engine as t h e  tes tbed  engine. The 
c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  f l i g h t  experiments address s t r u c t u r a l  dynamics and c o n t r o l s  i ssues  
which must be understood p r i o r  t o  t h e  deployment o f  l a r g e  space s t r u c t u r e s  hav ing p r e c i s i o n  c o n t r o l  
requirements. This program w i l l  focus on developing and v a l i d a t i n g  a n a l y t i c a l  methods f o r  p r e d i c t i n g  
coupled s t r u c t u r a l  dynamics and c o n t r o l  response f o r  mul t ibody space s t ruc tu res .  A f l i g h t  t e s t  
program w i l l  be conducted wi th a s e r i e s  o f  f ou r  or  more s h u t t l e  s o r t i e s ,  b u i l d i n g  p r o g r e s s i v e l y  from 
modeling and modal c h a r a c t e r i z a t i o n  o f  l a r g e  space s t r u c t u r e s  t o  more complex f l ex ib le- body  
i n t e r a c t i v e  c o n t r o l  issues. The f i r s t  f l i g h t  a r t i c l e ,  t h e  mast f l i g h t  system, w i l l  address beam 
dynamics and c o n t r o l  and w i l l  be f l own  on t h e  s h u t t l e  i n  FY 1989. The automation and r o b o t i c s  program 
w i l l  p r o v i d e  the  fundamental technology f o r  space t e l e r o b o t i c s  and system autonomy t o  enhance 
o p e r a t i o n a l  c a p a b i l i t y  and decrease t h e  c o s t  o f  space operat ions.  
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BASIS OF FY 1987 FUNDING REQUIREMENTS 

RESEARCH AND TECHNOLOGY BASE 

Aerothermodynamics research and 

Space energy convers ion research and 
technology .......................... 
technology .......................... 

Propu ls ion  research and technology .... 
M a t e r i a l s  and s t r u c t u r e s  research and 

technology.. ........................ 
Space data  and communications research 

and technology ...................... 
I n f o r m a t i o n  sciences research and 

technology ........................... 
Cont ro l s  and guidance research and 

technology .......................... 
Human f a c t o r s  research and 

technology .......................... 
Space f l i g h t  research and 

technology. ......................... 
Systems ana lys is .  ..................... 

Total............................... 

19&5 
A c t u a l  

10 ,1110 

22,312 
20,5UO 

18, bOlr 

16,500 

17,590 

b ,6bO 

3,700 

11,468 
6,788 

136,35b 

1986 
Budget Cur rent  

Est imate  Est imate  
(Thousands o f  

1U  ,6011 10, 80U 

22,9Uc1 21,2OU 
20,900 22,300 

19,300 18,600 

16,900 16,000 

l a ,  000 9,900 

8,900 7,500 

4,UOO 2,300 

11,900 17,400 
6,6W 6,8UO 

140, c100 132, tlU0 

1987 
Budget 

Est imate  

11,200 

21,000 
2lr,40U 

18,900 

13,600 

10,200 

7,500 

2,300 

22,40U 
6, l 0U  

133,6UO 
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1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
{Thousands o f  Dollars) 

Aerothermodynamics research and 
technology. ......................... 10 , 100 10 , 600 10 , 800 11 , 200 

OBJECTIVES AND STATUS 

Futu re  aerospace veh ic les ,  such as aeroass is ted o r b i t  t r a n s f e r  v e h i c l e s  (AOTV) ,  t h e  aerospace plane, 
and the  hypersonic c r u i s e  and maneuver veh ic les ,  w i l l  have t o  be capable o f  sus ta ined h y p e r v e l o c i t y  
f l i g h t  i n  r a r e f i e d  atmospheres. The design o f  these v e h i c l e s  presents  some formidab le  performance 
p r e d i c t i o n  chal lenges. To meet these chal lenges, t h e  aerothermodynamics program is pursu ing t h e  
f o l l o w i n g  ob jec t i ves :  (1) develop advanced numerical  a lgo r i t hms  f o r  continuum, t r a n s i t i o n a l  , and f r e e  
molecular  f l o w  regimes; ( 2 )  develop accurate and d e t a i l e d  f i n i t e - r a t e  chemis t ry  and t u r b u l e n t  f l o w  
models; ( 3 )  c o r r e l a t e  ground and f l i g h t  ( s h u t t l e  o r b i t e r  experiments) exper imental  da ta  with 
c a l c u l a t i o n s ;  (4) e s t a b l i s h  a d e t a i l e d  aerothermal  l oads  data  base and i n t e g r a t e d  a n a l y s i s  technique; 
and ( 5 )  prov ide  a f u l l y  i n t e g r a t e d  design and a n a l y s i s  c a p a b i l i t y  t o  support  f u t u r e  veh ic le /m iss ion  
requirements. 

Progress i n  the a b i l i t y  t o  p r e d i c t  f l ow  f i e l d s  about v e h i c l e s  entering/maneuvering i n  the  e a r t h ' s  
atmosphere has been g r e a t l y  acce lera ted by t h e  r a p i d  i nc rease  i n  computat ional  c a p a b i l i t y  i n  memory 
and speed, as w e l l  as e f f i c i e n t  a l g o r i t h m  development. The predominant emphasis i n  continuum f l o w  
c a l c u l a t i o n s  has s h i f t e d  from t h e  i n v i s c i d  (Eu ler )  f l ows  t o  t h e  more r e a l i s t i c  v iscous shock l a y e r  
methodology t o  the  f u l l  Reynolds-averaged Navier-Stokes equations. One o f  t h e  l a t e s t  and most 
promis ing techniques i s  a t h i n- l a y e r  Navier-Stokes a l g o r i t h m  developed a t  t he  Ames Research Center. 
This "breakthrough" method has been a p p l i e d  t o  the  axisymmetric f l o w  p a s t  an AOTV, and the  r e s u l t s  
i n d i c a t e  a s u b s t a n t i a l  increase i n  computa t iona l  speed - a s i g n i f i c a n t  b e n e f i t  toward design 
o p t i m i z a t i o n  o f  f u t u r e  A O T V ' s .  

Fo r  r a r e f i e d  f l o w  regimes, the  d i r e c t  s i m u l a t i o n  Monte Car lo  (DSMC) technique has been found t o  be 
p a r t i c u l a r l y  w e l l  s u i t e d  t o  understanding and modeling complex f low problems as represented by t h e  
i n t e r a c t i o n  o f  v e h i c l e  a i r f rame,  ambient r a r e f i e d  atmosphere, p r o p u l s i o n  system exhaust, and m a t e r i a l  
outgassing. I n  t h e  USMC, t h e  gas i s  modeled by thousands o f  s imula ted molecules. V e l o c i t y  
components, i n t e r n a l  energy s ta tes ,  and p o s i t i o n  coord inates  o f  these molecules a re  s t o r e d  i n  the  
computer and are  mod i f i ed  wi th t ime as the  molecules are  fo l l owed  through r e p r e s e n t a t i v e  c o l l i s i o n s  
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and boundary i n t e r a c t i o n s  i n  s imula ted p h y s i c a l  space. To date, t h e  DSMC techn ique has been 
success fu l l y  a p p l i e d  t o  a number o f  complex f lows i n c l u d i n g  a hypersonic r e e n t r y  problem and t h e  
a n a l y s i s  o f  l a r g e  s o l i d- p r o p e l l e n t  r o c k e t  engine exhaust plumes. These advances i n  computa t iona l  
c a p a b i l i t y ,  fo r  b o t h  t h e  continuum and r a r e f i e d  f low regime, w i l l  a l l ow  us t o  accu ra te l y  and 
c o n f i d e n t l y  p r e d i c t  t he  d e t a i l e d  f l o w  f i e l d  environment experienced by advanced aerospace v e h i c l e s  and 
thus w i l l  be a key element i n  the  success fu l  design o f  these veh ic les .  

The d i r e c t  c o r r e l a t i o n  of f l i g h t  data, ground experiments, and computat ions i s  c r i t i c a l  t o  t h e  
development o f  v e r i f i e d  p r e d i c t i v e  t o o l s  r e q u i r e d  f o r  p r e l i m i n a r y  c o n f i g u r a t i o n  analyses and v e h i c l e  
performance op t im iza t ion .  The comple t ion  o f  recen t  f l i g h t s  o f  t he  space s h u t t l e  has p rov ided  j us t  
such an o p p o r t u n i t y  f o r  c o r r e l a t i o n  o f  ground and s h u t t l e  da ta  over a d i ve rse  range o f  f l i g h t  
cond i t ions .  F l i g h t- d e r i v e d  aerodynamic heat  t r a n s f e r  data  f o r  t he  o r b i t e r  l e e s i d e  c e n t e r l i n e  and wing 
sur faces have been compared with a p p r o p r i a t e  ground t e s t  r e s u l t s .  F l i g h t  h e a t i n g  l e v e l s  are, i n  
general ,  l e s s  than those which a re  i n f e r r e d  from the  ground t e s t  r e s u l t s .  This r e s u l t  i s  apparent ly  
due t o  l am ina r- to- tu rbu len t  t r a n s i t i o n  o f  t h e  f l o w  i n  t h e  separated r e g i o n  o c c u r r i n g  a t  a much l a r g e r  
Reynolds mumber i n  f l i g h t  than i n  t h e  wind tunnel .  

A d e t a i l e d  aerothermal  loads da ta  base i s  e s s e n t i a l  t o  pe rm i t  proper v e h i c l e  s t r u c t u r a l  design w h i l e  
avo id ing  t h e  tendency t o  overdesign which can in t roduce  s i g n i f i c a n t  mass/volume pena l t i es .  
Consequently, t h e r e  has been cont inued emphasis on the  development o f  an i n t e g r a t e d  f l u id- the rma l-  
s t r u c t u r a l  a n a l y s i s  technique us ing  a f i n i t e- e lemen t  approach t h a t  w i l l  a l l o w  rap id ,  accurate, 
s t r u c t u r a l  a n a l y s i s  and o p t i m i z a t i o n  o f  advanced v e h i c l e  concepts. The use o f  f i n i t e- e lemen t  modeling 
i n  bo th  the  f l u i d  and s o l i d  s t r u c t u r e  w i l l  produce a u n i f i e d  a n a l y s i s  w i th  common 
terminology/methodology throughout. However, t he  f i n i t e- e lemen t  approach t y p i c a l l y  r e q u i r e s  t h e  
s o l u t i o n  of l a r g e  systems o f  equat ions and ex tens ive  numer ica l  i n t e g r a t i o n  which make f h e  a n a l y s i s  o f  
compressib le f lows p r o h i b i t i v e l y  expensive. Recent advances i n  s o l u t i o n  a lgo r i t hms  a r e  overcoming 
these l i m i t a t i o n s  by t a k i n g  f u l l  advantage o f  computer v e c t o r i z a t i o n  schemes. Two- and three-  
dimensional  i n v i s c i d  and v iscous f l o w  codes a r e  ach iev ing  compet i t i ve  speeds on modern vec to r  
computers. A recen t  a p p l i c a t i o n  was success fu l  i n  d e s c r i b i n g  t h e  complex f l ow  i n  the  s h u t t l e ' s  wing- 
e levon r e g i o n  where o ther  techniques had f a i l e d .  

CHANGES FRW 1986 BIBGET ESTIMATE 

The increase o f  $0.2 m i l l i o n  i n  aerothermodynamics research and technology r e f l e c t s  a rea l ignment  
within t h e  research and technology base t o  suppor t  computaJiona1 c a p a b i l i t y  f o r  d i r e c t  s i m u l a t i o n  
techniques. 
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BASIS OF FY 1987 BUDGET ESTIMATE 

Cont inued emphasis w i l l  be  p l a c e d  on computa t iona l  aerothermodynamics i n  FY 1987. I n  t h e  
development o f  advanced continuum flow s i m u l a t i o n s ,  g e n e r a l i z e d  th ree- dimens iona l  geometry 
model ing,  a d a p t i v e  g r i d  g e n e r a t i o n ,  and a c c u r a t e  chemical  r e a c t i o n ,  models n e c e s s a r y  t o  d e s c r i b e  t h e  
complex c o n f i g u r a t i o n s  and env i ronments  o f  f u t u r e  h y p e r s o n i c  v e h i c l e s  w i l l  be a c t i v e l y  pursued.  I n  
t h e  area o f  DSMC t e c h n i q u e s ,  t h e  c u r r e n t  methodology w i l l  be extended t o  cope w i t h  e n t r y  v e l o c i t i e s  
a n t i c i p a t e d  f o r  AOTV and l u n a r  r e t u r n  a e r o b r a k i n g  m i s s i o n s  and f o r  complex v e h i c l e  c o n f i g u r a t i o n s .  
T h i s  w i l l  i n v o l v e  t h e  a d d i t i o n  o f  i o n i z a t i o n  r e a c t i o n s  and t h e  mechanisms f o r  nonequ i l ib r ium emiss ion  
and a b s o r p t i o n  o f  r a d i a t i o n .  

The shock layers abou t  t h e  airframes of  h i g h- a l t i t u d e ,  high- speed v e h i c l e s  are c h a r a c t e r i z e d  by 
nonequ i l ib r ium d i s t r i b u t i o n s  i n  chemica l  composi t ion and energy s t a t e s  o f  t h e  low- densi ty  shock layer 
gases .  These nonequ i l ib r ium c o n d i t i o n s ,  p a r t i c u l a r l y  nonequ i l ib r ium r a d i a t i v e  h e a t i n g ,  w i l l  have v e r y  
s i g n i f i c a n t  i n f l u e n c e  on aerodynamic and a e r o h e a t i n g  environments  exper ienced  by t h e s e  v e h i c l e s .  To 
successfully d e s i g n  f l i g h t  c o n t r o l  and the rmal  p r o t e c t i o n  systems w i l l  r e q u i r e  a de ta i l ed  
unders tand ing  o f ,  and p r e d i c t i v e  c a p a b i l i t y  f o r ,  t h e s e  phenomena. Computat ional  c h e m i s t r y ,  i n  which 
t h e  chemical and p h y s i c a l  p r o p e r t i e s  o f  matter are computed from f i r s t  p r i n c i p l e s ,  is making 
s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  fundamental  unders tand ing  o f  t h e  chemical  and p h y s i c a l  p r o c e s s e s  
o c c u r r i n g  a t  high-temperature/low-density c o n d i t i o n s .  I n  FY 19&7, emphasis w i l l  be p l a c e d  on 
computing chemical and p h y s i c a l  p r o p e r t i e s  o f  a i r  s p e c i e s  t o  s imulate t h e  s p e c i f i c  c o n d i t i o n s  o f  
nonequ i l ib r ium shock layers. Energy p r o f i l e s  and ra te  c o n s t a n t s  f o r  e l e c t r o n- i o n  and e l e c t r o n- n e u t r a l  
molecule  c o l l i s i o n s  w i l l  be computed. 

FY 1987 w i l l  a l s o  be a p e r i o d  o f  i n c r e a s e d  a c t i v i t y  i n  hyperson ic  r e s e a r c h  ground f ac i l i t i e s .  The 
3.5-foot hyperson ic  t u n n e l  a t  t h e  Ames Research C e n t e r ,  c u r r e n t l y  undergoing r e a c t i v a t i o n ,  w i l l  be t h e  
f o c u s  o f  much o f  t h i s  e f f o r t .  T h i s  t u n n e l  p r o v i d e s  a test  c a p a b i l i t y  from Mach 4 t o  14 and c o v e r s  
much o f  t h e  hyperson ic  f l i g h t  r ange  o f  a n t i c i p a t e d  a i r b r e a t h i n g  v e h i c l e s .  The i n i t i a l  r e s e a r c h  
program w i l l  be  a j o i n t  Ames/Langley Research Cen te r  e f f o r t  t o  i n v e s t i g a t e  h y p e r s o n i c  
a i r f r a m e / p r o p u l s i o n  i n t e r a c t i o n  e f f e c t s .  T h i s  w i l l  i n v o l v e  early u s e  o f  t h e  Ames numer ica l  
aerodynamic s i m u l a t i o n  f a c i l i t y  t o  p r o v i d e  numerical  s o l u t i o n s  t o  complex f low problems and f o r  
computa t iona l  c o n f i g u r a t i o n  a n a l y s i s  coupled w i t h  t e s t i n g  i n  t h e  3.5-foot t u n n e l  t o  p r o v i d e  
e x p e r i m e n t a l  v e r i f i c a t i o n .  
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1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  

Space energy convers ion research and 
22,312 22,900 21,2011 20,400 technology. ........................ 

OBJECTIVES AND STATUS 

The o b j e c t i v e s  o f  t h i s  program are  t o  increase the  performance, capac i t y ,  and c o s t  e f f e c t i v e n e s s  o f  
space e l e c t r i c  power genera t ion  and energy s torage subsystems; p rov ide  the  technology f o r  e f f i c i e n t ,  
r e l i a b l e ,  and low-cost management and d i s t r i b u t i o n  o f  e l e c t r i c a l  and thermal  energy f o r  space systems; 
and advance the  technology o f  l i f e  suppor t  systems f o r  l a r g e  manned space p la t fo rms.  I n  FY 1985, two 
s i g n i f i c a n t  advances i n  p h o t o v o l t a i c  c e l l  technology were achieved. F i r s t ,  t h e  demonstrat ion o f  a 50- 
micron l i t h i um counterdoped s i l i c o n  c e l l  with l e s s  than ten  percent  power degradat ion  a f t e r  exposure 
t o  the  equ iva len t  o f  t e n  years '  r a d i a t i o n  i n  geosynchronous e a r t h  o r b i t  was demonstrated. This 
compares with g rea te r  than 25 percent  degradat ion  w i th  c u r r e n t  opera t ing  systems. Second, t h e  
s u p e r i o r i t y  o f  ind ium phosphide s o l a r  c e l l s  under 10 m i l l i o n  e l e c t r o n  v o l t  p r o t o n  i r r a d i a t i o n  t o  any 
o the r  a v a i l a b l e  space c e l l ,  i n c l u d i n g  s i l i c o n  and g a l l i u m  arsen ide (GaAs), was a l s o  demonstrated. A 
m u l t i y e a r  program was i n i t i a t e d  t o  op t im ize  t h e  e f f i c i e n c y  o f  such c e l l s  w h i l e  m a i n t a i n i n g  t h e i r  
r a d i a t i o n  performance and t o  demonstrate a 20.4 percent  e f f i c i e n t  g a l l i u m  arsen ide concent ra tor  c e l l  
o p e r a t i n g  a t  80 degrees cen t ig rade  and s u n l i g h t  concen t ra t i on  o f  lU0 t imes normal l e v e l s .  
E f f i c i e n c i e s  above 21 percent  a re  u l t i m a t e l y  an t i c ipa ted .  Concentrator  p h o t o v o l t a i c  systems enable 
s i g n i f i c a n t  reduc t ions  i n  the s o l a r  a r ray  area and cor respond ing ly  i n  requirements f o r  drag makeup. 
By focus ing the  sun's energy, they a l l o w  h i g h  l e v e l s  o f  power t o  be produced w i th  a r e l a t i v e l y  low 
number o f  c e l l s ,  p e r m i t t i n g  the  use o f  e f f i c i e n t  b u t  c o s t l y  c e l l  m a t e r i a l s  such as GaAs. I n  a d d i t i o n ,  
concen t ra to rs  p rov ide  p r o t e c t i o n  aga ins t  damage by n a t u r a l  s o l a r  r a d i a t i o n .  Concentrator  systems 
appear t o  be a t t r a c t i v e  f o r  use i n  the low- ear th- orb i t  (LEO), r e l a t i v e l y  high-power space s t a t i o n  
detached plat forms,  p a r t i c u l a r l y  t h e  planned p o l a r  o r b i t i n g  p la t fo rm,  where r a d i a t i o n  l e v e l s  a r e  more 
severe. I n  l a t e  1984, t h e  success fu l  deployment and r e t r a c t i o n  o f  a 1U5xl3- foot  l i g h t w e i g h t  s o l a r  
a r ray  demonstrated the  technology f o r  power- to-weight r a t i o s  o f  66 wa t t s  per  k i logram. A m u l t i y e a r  
c o n t r a c t  e f f o r t  was s t a r t e d  i n  1985 t o  advance the power-to-weight r a t i o  c a p a b i l i t y  t o  13b w a t t s  per  
ki logram. Doubl ing  o f  t he  power- to-weight r a t i o  w i l l  p rov ide  f o r  a d d i t i o n a l  s c i e n t i f i c  c a p a b i l i t y  by 
reduc ing the  weight and s i z e  o f  p h o t o v o l t a i c  power systems f o r  we igh t- l im i ted  geosychronous and 
p l a n e t a r y  spacecraf t .  Both  welded and so ldered in te rconnec ts  t o  2x4cm s i l i c o n  s o l a r  c e l l s  su rv i ved  
a f t e r  60,UOG cyc les  i n  a s imula ted LEO thermal  environment (+80 t o  -bO degrees cent ig rade) ,  e q u i v a l e n t  

RD 15-9 



t o  a ten-year exposure. Tes t i ng  o f  a thin, f l e x i b l e  c o a t i n g  demonstrated atomic oxygen d u r a b i l i t y  o f  
the p r o t e c t i v e  coa t i ng  on Kapton s o l a r  a r ray  b lanke t  m a t e r i a l  equ i va len t  t o  21  years of  l i f e  f o r  space 
s t a t i o n  o r b i t .  Changes i n  the  chemist ry  and design o f  nickel- hydrogen b a t t e r i e s  have r e s u l t e d  i n  a 
s i x f o l d  inc rease i n  t h e  c y c l e  l i f e  and show promise o f  meeting a 50,000-cycle requi rement  o f  LEO 
systems. As a r e s u l t  o f  these advances, n ickel- hydrogen b a t t e r i e s  a r e  now a pr ime candidate f o r  
energy s torage on the  space s t a t i o n  and associated s c i e n t i f i c  p la t fo rms.  

I n  space nuclear  power research, a high- temperature l i q u i d  meta l  cooled reac to r / t he rmoe lec t r i c  
convers ion system was se lec ted  for  a Department o f  Defense (DOD)/Department o f  Energy (DOE)/NASA 
ground engineer ing system t e s t .  I n  research on dynamic convers ion systems, development o f  a S t i r l i n g  
engine f o r  use with s o l a r  dynamic and/or advanced nuc lear  power systems continued. The f ree- p is ton  
S t i r l i n g  engine o f f e r s  t h e  p o t e n t i a l  t o  p rov ide  h i g h  e f f i c i e n c y  and l o n g  l i f e .  P r o j e c t i o n s  o f  power 
requirements f o r  the  evo lu t i ona ry  space s t a t i o n  are i nc reas ing  d ramat i ca l l y ,  and s o l a r  dynamic o r  
nuclear  systems a r e  expected t o  be r e q u i r e d  t o  meet these h igher  power needs. I n  1985, t h e  l a r g e s t  
f r ee- p i s ton  S t i r l i n g  engine ever b u i l t  was success fu l l y  operated with a l i n e a r  a l t e r n a t o r  convers ion 
system. I n  the  thermal  management area, technology f o r  use o f  5U-meter pumped heat  p ipes/contact  
r a d i a t o r s  f o r  c o o l i n g  o f  the  space s t a t i o n  h a b i t a t  was demonstrated. Technology f o r  c a p i l l a r y  heat  
p ipes  fo r  c o o l i n g  experiments has been success fu l l y  ground tes ted  i n  con junc t i on  with the  space 
s t a t i o n  thermal  bus system and i n  zero g r a v i t y  experiments on the  space s h u t t l e .  Exper imenta l  e f f o r t s  
con t inued t o  p rov ide  fundamental data on the f l u i d  dynamics and d r o p l e t  fo rmat ion  processes f o r  l i q u i d  
d r o p l e t  and l i q u i d  b e l t  r ad ia to rs .  Under the  power management program, the  development o f  c r i t i c a l  
techno log ies  f o r  the  space s t a t i o n  power management subsystem was completed. Th is  i nc luded  technology 
f o r  20- k i l ohe r t z  a l t e r n a t i n g  c u r r e n t  resonant power d i s t r i b u t i o n ,  100- k i l owa t t  c l a s s  fas t- sw i t ch ing  
t r a n s i s t o r s  and diodes, high- frequency l i g h t w e i g h t  t rans formers  and capac i to rs ,  and high-power r o l l  
r i n g  power t r a n s f e r  devices. I n  the  advanced l i f e  suppor t  technology area, e f f o r t s  cont inued on 
regene ra t i ve  techniques aimed a t  ach iev ing  a h igher  degree o f  c l osu re  o f  t he  water-air-waste c y c l e  f o r  
extended d u r a t i o n  manned missions. Technology development has been success fu l l y  completed on t h e  
e lec t rochemica l  and s o l i d  amine carbon d i o x i d e  concent ra to rs  and i s  con t i nu ing  on low-energy water 
f i l t r a t i o n  and s u p e r c r i t i c a l  waste o x i d a t i o n  systems. 

CHANGES FROM FY 1986 BUDGET ESTIMATE 

The decrease o f  $1.7 m i l l i o n  i n  the  space energy convers ion research and technology program r e f l e c t s  
reduc t i ons  p r i m a r i l y  i n  the  areas o f  environmental  c o n t r o l / l i f e  suppor t  and thermal  management t o  
p rov ide  funding f o r  suppor t  o f  o the r  h i g h  p r i o r i t y  requirements, i n c l u d i n g  the  aerospace 
i n d u s t r y / u n i v e r s i t y  space f l i g h t  experiments research e f f o r t ,  cryogenic  f l u i d  management technology , 
and transatmospheric technology e f f o r t s .  
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@Sf% 8F FY 1987 ESTIMATE 

P r i o r  t o  FY 1986, the  p r i n c i p a l  focus o f  t h e  space energy convers ion program was t o  develop t h e  
power and l i f e  support  technology t h a t  would be a p p l i c a b l e  t o  t h e  i n i t i a l  space s t a t i o n .  This g o a l  
had l a r g e l y  been accomplished by t h e  end o f  FY 1985. I n  FY 1986, t h e  program was r e d i r e c t e d  t o  
address t h e  needs o f  o the r  advanced manned a p p l i c a t i o n s  and p l a n e t a r y  programs and t o  emphasize 
i n n o v a t i v e  techno log ies  t h a t  w i l l  enable d i s t a n t ,  f u tu re ,  ambi t ious  space miss ions such as l u n a r  base 
and manned p l a n e t a r y  missions. I n  FY 1987, technology development f o r  h igh- capaci ty ,  l o n g - l i f e  s o l a r  
dynamic and space nuc lear  power w i l l  dominate. Added emphasis w i l l  be p laced on techno log ies  such as 
advanced r a d i a t o r s ,  l i q u i d  me ta l  heat  p ipes,  and high-power l i g h t w e i g h t  power systems, a l l  o f  which 
a r e  e s s e n t i a l  f o r  t he  high-power systems o f  t h e  foreseeable fu tu re .  I n  a d d i t i o n ,  development o f  
i n n o v a t i v e  techno log ies  w i l l  be continued. Revo lu t ionary  concepts, such as l a s e r  power t ransmission,  
use o f  e x t r a t e r r e s t r i a l  resources and s u p e r c r i t i c a l  water rec lamat ion  systems, may be necessary t o  
accomplish ambi t ious  f u t u r e  miss ions such as p l a n e t a r y  e x p l o r a t i o n  and sample r e t u r n .  I n  space 
nuc lear  power, technology development w i l l  cont inue f o r  advanced dynamic and pass ive  thermal-to- 
e l e c t r i c  convers ion systems which o f f e r  t h e  p o t e n t i a l  t o  reduce t h e  weight  and nuc lear  f u e l  
requirements t o  one- th i rd  of c u r r e n t  technology systems. Development o f  high- temperature rece ive rs ,  
thermal '  storage, concen t ra to rs  and h i g h- e f f i c i e n c y  convers ion systems which w i l l  double t h e  opera t ing  
temperature and o f f e r  a f o u r f o l d  r e d u c t i o n  i n  area w i l l  cont inue.  Since i t  i s  expected t h a t  a l l  
commercial and most m i l i t a r y  and NASA s c i e n t i f i c  s a t e l l i t e s  w i l l  con t inue  t o  use p h o t o v o l t a i c  power 
systems, a major  e f f o r t  t o  increase the e f f i c i e n c y  and l i f e  and reduce the  c o s t  and weight o f  these 
p h o t o v o l t a i c  and assoc ia ted energy s torage systems w i l l  cont inue.  
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1986 1987 
Curren t  Budget 1985 Budqet 

Ac tua l  E s t  G a t e  E s t  imate Es t imate  
(Thousands o f  

P ropu l s ion  research and technology. ... 20,500 2C),YO0 22,300 21,000 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h e  p ropu l s ion  research and technology program i s  t o  p rov ide  the  a n a l y t i c a l  t o o l s  
and design a c t i v i t y  necessary f o r  improv ing t h e  l i f e ,  performance, r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y  o f  
chemical and e l e c t r i c a l  p ropu l s ion  systems f o r  f u t u r e  space t r a n s p o r t a t i o n  veh ic les ,  manned and 
unmanned p lat forms,  and spacecra f t  systems. The program inc ludes  e f f o r t s  d i cec ted  a t  p r o v i d i n g  l onge r  
l i f e ,  reusable, f a u l t - t o l e r a n t  p r o p u l s i o n  systems f o r  f u t u r e  lower cos t  e a r t h- t o- o r b i t  (ETO) 
operat ions;  high-performance, v a r i a b l e  t h r u s t  p ropu l s ion  f o r  increased o r b i t  t r a n s f e r  miss ion  
f l e x i b i l i t y  and c a p a b i l i t y ;  e f f i c i e n t ,  l o n g- l i f e ,  on-board a u x i l i a r y  p r o p u l s i o n  f o r  p r e c i s e  a t t i t u d e  
c o n t r o l ,  s ta t ionkeep ing  and drag makeup func t ions ;  and very advanced concepts capable o f  g r e a t l y  
exceeding the  performance l i m i t s  o f  convent iona l  chemical p ropu l s ion  systems. 

Advanced technology f o r  h igh- th rus t  ( 5 Q O  thousand t o  2 m i l l i o n  pounds) high-pressure, reusab le  
p r o p u l s i o n  systems i s  focused on extending the  s e r v i c e  l i f e  o f  engine components sub jec ted  t o  severe 
i n t e r n a l  dynamic environments, bo th  mechanical and thermal,  t y p i c a l  o f  engines o f  t h i s  c l a s s  and on 
understanding and c o n t r o l l i n g  heat t r a n s f e r  i n  order  t o  enable l o n g  combustor s e r v i c e  l i f e .  These 
technology advances are d i r e c t l y  app l i cab le  t o  nex t  genera t ion  hydrogen- fueled and hydrocarbon- fueled 
engines. Improved s i n g l e- c r y s t a l  t u r b i n e  b lades cons t ruc ted  by an advanced processing technique have 
demonstrated extended low- cycle thermal  f a t i gue  l i f e  compared t o  e x i s t i n g  d i r e c t i o n a l l y  s o l i d i f i e d  
b lade designs i n  burner r i g  t e s t i n g .  A new theory  f o r  p r e d i c t i n g  the l i f e  o f  p a r t s  sub jec ted  t o  b o t h  
low- cycle and h igh- cycle f a t i g u e  has been developed and w i l l  be v e r i f i e d  i n i t i a l l y  i n  l a b o r a t o r y  sca le  
t es t s .  A cryogenic  bear ing  thermal  model design t o o l  i s  now i n ,  ope ra t i on  and i s  being v a l i d a t e d  by 
bear ing  t e s t e r  temperature measurements. I so tope  and f i b e r o p t i c  bearing-wear de tec to rs  have been 
success fu l l y  demonstrated i n  l a b o r a t o r y  t e s t i n g  and w i l l  be i n s t a l l e d  i n  pumps f o r  e v a l u a t i o n  i n  r e a l  
engine hardware as a p a r t  o f  t he  advanced e a r t h- t o- o r b i t  systems technology program. F i n a l l y ,  i n  
l iquid-oxygen/methane combustion t e s t s ,  exper imenta l  heat  t r a n s f e r  data has been generated and used t o  
b e t t e r  understand the  e f f e c t  o f  carbon d e p o s i t i o n  on heat  t r a n s f e r  models for  high-combustion pressure 
ope ra t i ng  cond i t i ons .  
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O r b i t a l  t r a n s f e r  v e h i c l e  p r o p u l s i o n  r e q u i r e s  very high-performance, v a r i a b l e  t h r u s t ,  l o n g - l i f e  
concepts, and on d iagnos t i cs  f o r  t h e  c o n d i t i o n  mon i to r i ng  o f  c r i t i c a l  h i g h  wear- rate components. 
Veh ic le  s t u d i e s  have c l e a r l y  i n d i c a t e d  t h a t  m u l t i p l e ,  smal l ,  lower t h r u s t  engines a re  optimum f o r  
ae roass i s t  c o m p a t i b i l i t y  and man r a t i n g .  Subcomponent OTV techno log ies  a re  c u r r e n t l y  t h e  focus o f  t h e  
research and technology base program. Enhanced heat  t r a n s f e r  combustor w a l l  designs, key t o  high-  
pressure combustion operat ion,  have been success fu l l y  demonstrated i n  l a b o r a t o r y  sca le  tes t s .  The 
c o m p a t i b i l i t y  o f  t u r b i n e  b lade m a t e r i a l s  with oxygen has a l s o  been demonstrated i n  the l abo ra to ry .  
This i s  an a l t e r n a t e  technique f o r  p r o v i d i n g  more t u r b i n e  power f o r  h igher  combustion pressure 
operat ion.  High- expansion- rat io nozz le  performance p r e d i c t i o n  w i l l  be enhanced through a t e s t  program 
j u s t  g e t t i n g  underway t h a t  i s  designed t o  o b t a i n  exper imenta l  nozz le performance data. A program t o  
assess advanced m a t e r i a l s  and f a b r i c a t i o n  techniques f o r  l i g h t w e i g h t  h igh- expansion- rat io  nozz les i s  
a l s o  underway. Techniques f o r  improv ing  the  e f f i c i e n c y  o f  sma l l  turbopumps, such as p a r t i a l  admission 
tu rb ines ,  h i g h - v e l o c i t y - r a t i o  d i f f u s i n g  i n t e r s t a g e  crossovers, and s o f t  wear r i n g  seals ,  have a l l  
shown promise i n  r i g  t e s t  programs. 

A u x i l i a r y  p r o p u l s i o n  technology i s  focused on demonstrat ing the  performance and d u r a b i l i t y  o f  
gaseous- oxygen/gaseous-hydrogen th rus te rs ;  e lec t ro the rma l  t h r u s t e r s ,  i n c l u d i n g  low opera t ing  power 
a rc  j e t s ;  and i o n  t h r u s t e r s  ope ra t i ng  w i th  i n e r t  gases such as xenon and argon. Oxygen-hydrogen 
t h r u s t e r s  designed f o r  l ong  l i f e  and high-performance space s t a t i o n  a u x i l i a r y  p ropu l s ion  requi rements 
have been success fu l l y  t e s t e d  a t  25 pounds o f  t h r u s t  f o r  over two hours, d e l i v e r i n g  higher-than- 
p red i c ted  performance. E lec t ro the rma l  t h r u s t e r  hea t i ng  elements, based on tungsten a l l o y s ,  have 
demonstrated increased l i f e  c a p a b i l i t y ,  and the  s t a b l e  ope ra t i on  o f  a rc  j e t  t h rus te rs ,  ope ra t i ng  wi th 
a 500-watt and l e s s  power l e v e l ,  has a l s o  been demonstrated. 

S tud ies  a re  con t i nu ing  t o  i d e n t i f y  very advanced p ropu l s ion  concepts and t o  d e f i n e  the  technology 
t h a t  would of fer system performance f a r  i n  excess o f  convent iona l  p r o p u l s i o n  systems. Exper imenta l  
e f f o r t s  aimed a t  reduc ing  cathode e ros ion  i n  magnetoplasmadynamic (MPD) t h r u s t e r s  con t inue  f o r  pu lsed 
designs. Eva lua t i on  o f  s teady- state MPD t h r u s t e r s  i s  be ing i n i t i a t e d .  I n  a d d i t i o n ,  t he  design, 
f a b r i c a t i o n ,  and t e s t  o f  a laser- heated hydrogen-powered t h r u s t e r  i s  underway. 

CHANGES FRM FY 1986 BUDGET ESTIMATE 

The inc rease o f  $1.4 m i l l i o n  i n  p ropu l s ion  research and technology r e f l e c t s  t he  real ignment  o f  the 
p ropu l s ion  p o r t i o n  o f  t he  o r b i t a l  t r a n s f e r  v e h i c l e  (OTV) systems technology program t o  t h e  research 
and technology base ($1.5 m i l l i o n )  which has been o f f s e t  by a $0.1 m i l l i o n  r e d u c t i o n  i n  the  p ropu l s ion  
program t o  suppor t  p r i o r i t y  t ransatmospheric technology requirements. 
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BASIS O f  FY 1987 ESTIMATE 

Technology e f f o r t s  f o r  advanced, high- pressure, reusab le  ET0 p r o p u l s i o n  systems w i l l  con t inue  t o  be 
d i r e c t e d  toward the  development o f  a n a l y t i c a l  models designed t o  s imu la te  i n t e r n a l  engine environments 
and t o  p r e d i c t  the  l i f e  of components opera t ing  i n  those environments; t h e  development o f  components 
designed f o r  l onger  opera t ing  s e r v i c e  l i f e ,  i n c l u d i n g  advanced bear ings,  advanced t u r b i n e  b lade 
m a t e r i a l s  and thermal  b a r r i e r  coat ings ,  r o t o r  damping devices, improved combustion preburners  and main 
combustors; and t h e  development of high-performance hydrocarbon- fueled combustors. Advanced 
i n s t r u m e n t a t i o n  w i l l  cont inue t o  be developed t o  more accu ra te l y  measure the  i n t e r n a l  dynamic 
environments o f  h igh- pressure engines, as w i l l  d i a g n o s t i c  sensors designed t o  moni tor  t h e  c o n d i t i o n  o f  
h i g h  wear- rate components. These technology advances w i l l  p rov ide  t h e  b a s i s  f o r  the  design o f  l onger  
l i f e ,  h igher  performance engines with automated be tween- f l i gh t  i nspec t ion ,  s e r v i c i n g  and checkout 
opera t ion ,  l e a d i n g  t o  lower cos t  access t o  space. 

Technology f o r  v a r i a b l e- t h r u s t  o r b i t  t r a n s f e r  p r o p u l s i o n  w i l l  cont inue t o  focus on subcomponent 
research with the  o b j e c t i v e  o f  genera t ing  analyses and des ign c r i t e r i a  f o r  engine components c r i t i c a l  
t o  achievement o f  performance, l i f e  and m a i n t a i n a b i l i t y  goa ls  f o r  a space-based, man-rated o r b i t a l  
t r a n s f e r  veh ic le .  C r i t i c a l  components i n c l u d e  high-performance, l o n g- l i f e ,  enhanced t r a n s f e r  
combustors; h i g h l y  e f f i c i e n t  v a r i a b l e  f l o w  r a t e  turbopumps; and i n t e g r a t e d  d i a g n o s t i c  
ins t rumenta t ion .  Test  r i g s  w i l l  be used t o  v a l i d a t e  a n a l y t i c a l  models and advanced component designs 
as they evolve. These techno log ies  a r e  key t o  the  o p e r a t i o n a l  c a p a b i l i t i e s  of a space-based O T V  t h a t  
w i l l  p rov ide  lower c o s t  r o u t i n e  t r a n s p o r t a t i o n  t o  geosychronous o r b i t  and beyond. 

A u x i l i a r y  p r o p u l s i o n  technology e f f o r t s  w i l l  focus on gaseous-oxygen/gaseous-hydrogen t h r u s t e r  
development; l o n g - l i f e  r e s i s t o j e t s  with m u l t i p l e  gas opera t ing  c a p a b i l i t y ;  and high-performance low- 
power a rc  j e t  t h rus te rs .  The techno log ies  l e a d i n g  t o  very high-performance, durable,  on-board 
p r o p u l s i o n  systems w i l l  p rov ide  t h e  b a s i s  f o r  reduc ing p r o p e l l a n t  resupply,  extending the  u s e f u l  
l i f e t i m e  of e a r t h- o r b i t i n g  s a t e l l i t e s ,  and a l l o w i n g  more u s e f u l  payloads t o  be c a r r i e d  on-board 
(sc ience,  transponders, etc.) because o f  reduced p r o p e l l a n t  requirements. 

Advanced p r o p u l s i o n  s t u d i e s  w i l l  cont inue wi th  t h e  o b j e c t i v e  o f  i d e n t i f y i n g  promis ing concepts t h a t  
o f f e r  performance c a p a b i l i t i e s  f a r  i n  excess o f  t oday ' s  convent iona l  p r o p u l s i o n  systems. I n  a d d i t i o n ,  
work w i l l  cont inue toward reduc ing cathode e ros ion  o f  high-performance MPD t h r u s t e r s  and toward the  
design, f a b r i c a t i o n ,  and t e s t  o f  a t h r u s t e r  designed t o  operate on laser- heated hydrogen. 
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1986 19137 
1985 Budqet Cur rent  Budget 

A c t u a l  E s t  i i a t e  Est imate  Est imate  
m d s  o f  Dollars) 

M a t e r i a l s  and s t r u c t u r e s  research and 
technology....... ................... 113,800 19,300 18,600 18,900 

OBJECTIVES AMI STATUS 

The o b j e c t i v e s  o f  t h e  m a t e r i a l s  and s t r u c t u r e s  research and technology program are  t o  p rov ide  f o r  
t h e  cons t ruc t i on ,  performance, e f f i c i e n c y ,  d u r a b i l i t y ,  and economy r e q u i r e d  f o r  large- area space 
s t r u c t u r e s ,  antennas and space p la t fo rms,  advanced space t r a n s p o r t a t i o n  systems, o r b i t i n g  spacecra f t ,  
p l a n e t a r y  probes, and s h u t t l e  payloads. Major  t e c h n i c a l  areas o f  emphasis i n  m a t e r i a l s  i n c l u d e  
i n i t i a t i o n  and bas ic  understanding o f  advanced mate r ia l s ;  development o f  computat ional  chemistry 
methodology; c h a r a c t e r i z a t i o n  o f  long- durat ion  space environmental  e f f e c t s  on mate r ia l s ;  and t h e  
development o f  ceramic, m e t a l l i c ,  and advanced carbon-carbon thermal  p r o t e c t i o n  systems. S t r u c t u r e s  
technology i s  d i r e c t e d  toward development o f  advanced t russ s t r u c t u r a l  concepts; r e l i a b l e  methods f o r  
deployment/erect ion and r e p a i r  o f  space s t ruc tu res ;  new s t r u c t u r a l  and tankage concepts f o r  advanced 
e a r t h- t o- o r b i t  rocke t  and a i r b r e a t h i n g  space t r a n s p o r t a t i o n  systems, and o r b i t a l  t r a n s f e r  veh ic les ;  
and e f f i c i e n t  a n a l y t i c a l  methods f o r  design and e v a l u a t i o n  o f  advanced space s t r u c t u r e s ,  i n c l u d i n g  
i n t e g r a t e d  s t ruc tu res / the rma l  c o n t r o l s  ana lys is ,  o p t i m i z a t i o n  techniques, and s t r u c t u r e / c o n t r o l s  
i n t e r a c t i o n  methodology. 

A key element f o r  s t r u c t u r a l  dynamics research d u r i n g  FY 1986 was t h e  implementat ion o f  a focused 
program f o r  t h e  dynamic response and pass ive /ac t i ve  c o n t r o l  o f  f l e x i b l e  space s t r u c t u r e s .  This 
a c t i v i t y  encompasses a v a r i e t y  o f  l a r g e  space s t r u c t u r e s  t h a t  i n c l u d e  jo in t- dominated deployable 
beams, f l e x i b l e  p l a t f o r m  s t r u c t u r e s ,  and antenna s t ruc tu res .  The major  program g o a l  i s  t o  develop 
v a l i d a t e d  s t r u c t u r e s / c o n t r o l s  a n a l y s i s  methods which w i l l  then a l l o w  d e t a i l e d  design s t u d i e s  t h a t  can 
assess technology m e r i t s  between u t i l i z i n g  s t r u c t u r a l  s t i f f n e s s ,  pass ive  damping techniques, and 
a c t i v e  c o n t r o l  methods t o  a t t a i n  s p e c i f i e d  system performance and accuracy requirements. As p a r t  of 
t h e  ongoing space c o n s t r u c t i o n  research a c t i v i t i e s ,  an in-space shut t le- bay s t r u c t u r a l  assembly 
experiment was conducted i n  e a r l y  FY 1986. This experiment i n v o l v e d  the  c o n s t r u c t i o n  o f  a j o i n t -  
dominated truss from t h e  cargo bay of t he  space s h u t t l e  by two as t ronau ts  t o  o b t a i n  data  t o  eva luate  
on- orb i t  assembly and r e p a i r  techniques. P r e l i m i n a r y  data  show good agreement with ground-based 
s t u d i e s  i n  t h e  n e u t r a l  buoyancy f a c i l i t y .  A da ta  base o f  assembly and r e p a i r  t i m e l i n e s  i s  e s s e n t i a l  
f o r  space s t a t i o n  and o ther  l a r g e  space c o n s t r u c t i o n  i n  t h e  fu tu re .  
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I n  FY 1986, ground t e s t i n g  o f  a 15-meter deployable hoop-column antenna t o  understand i t s  modal 
v i b r a t i o n  response w i l l  continue. The da ta  obta ined from t h i s  complex, c a b l e- s t i f f e n e d  s t r u c t u r e  w i l l  
serve as a b a s i s  f o r  t he  development o f  f u t u r e  a n a l y t i c a l  dynamic models. A d d i t i o n a l l y ,  research i n  
s t r u c t u r a l  dynamic response i s  r e s u l t i n g  i n  t h e  complet ion o f  t h e  n o n l i n e a r  a n a l y s i s  o f  a gener ic ,  
mul t ibody,  f l e x i b l e ,  l a r g e  space s t r u c t u r e .  This research i s  necessary t o  enhance understanding and 
l e a d  t o  t h e  development o f  s u i t a b l e  a c t i v e  and pass ive  c o n t r o l  technology f o r  s t a b l e  s t r u c t u r e s .  

M a t e r i a l s  research i n  FY 19b6 focused on the  e f f e c t s  o f  t h e  space environment. M a t e r i a l  behavior  
must be understood t o  ensure l o n g- l i f e  s u r v i v a b i l i t y  o f  space s t ruc tu res .  The area o f  atomic oxygen 
i n t e r a c t i o n  wi th m a t e r i a l s  rece ived  cons iderab le  a t t e n t i o n .  Ground-based f a c i l i t i e s  t o  s imu la te  space 
e f f e c t s  were es tab l i shed  i n  p r e p a r a t i o n  fo r  a December 1986 f l i g h t  experiment t o  v a l i d a t e  a n a l y t i c a l  
models. Emphasis was p laced on deve lop ing space-durable polymer ic composite m a t e r i a l s  and p r o t e c t i v e  
coa t ings  and t h e  study o f  methods f o r  nondes t ruc t i ve  t e s t i n g  and eva luat ion .  Suppor t ing  research was 
conducted t o  understand the  mechanisms c o n t r o l l i n g  su r face  p r o p e r t i e s  o f  m a t e r i a l s  i n  a space 
environment. 

Increased emphasis was p laced on the  technology requirements f o r  an aeroass is ted o r b i t a l  t r a n s f e r  
v e h i c l e  and an aerospace p lane  veh ic le .  P a r t  o f  t h e  assessment process f o r  advanced thermal  
p r o t e c t i o n  systems (TPS) concepts i n c l u d e d  exposure t o  an a r c  j e t  t o  s imu la te  t h e  r e e n t r y  
environment. Ex tens ive  research f o r  advanced TPS w i l l  cont inue i n  FY 1986. The e f f o r t  i s  focused on 
advanced s i l i c o n- c a r b i d e  composite concepts and o the r  ceramics i n  the  form o f  t a i l o r a b l e  advanced 
b lanke t  i n s u l a t i o n .  Three-dimensional weaving procedures were developed, r e s u l t i n g  i n  b lanke ts  of 
s i g n i f i c a n t l y  g rea te r  d u r a b i l i t y .  

CHANGES FROM FY 1986 BUXET ESTIMATE. 

The decrease o f  $0.7 m i l l i o n  i n  m a t e r i a l s  and s t r u c t u r e s  research and technology r e f l e c t s  t h e  
c o n s o l i d a t i o n  of base fund ing f o r  c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  f l i g h t  experiment i n t o  the  space 
f l i g h t  research and technology base program. 

BASIS W FY 1987 ESTIMATE 

The e f f e c t  o f  t h e  space environment on s t r u c t u r a l  m a t e r i a l s  f o r  spacecraf t ,  space s t a t i o n ,  and 
o r b i t a l  t r a n s f e r  and t ransatmospher ic v e h i c l e  a p p l i c a t i o n s  w i l l  be a major program a c t i v i t y .  I nc luded  
i n  t h i s  a c t i v i t y  w i l l  be research on the  d u r a b i l i t y  o f  po lymer ic  ma te r ia l s ,  thermal  c o n t r o l  coat ings,  
f i l m s ,  adhesives, and seals. The r a d i a t i o n  damage mechanism i n  epoxy m a t r i x  composites t e s t e d  i n  a 
ground- simulated space environment f o r  geosynchronous e a r t h  o r b i t  w i l l  be i d e n t i f i e d .  This program 
cont inues t h e  acce lera ted t e s t i n g  o f  these m a t e r i a l s  i n  t h e  combined space r a d i a t i o n  environment of 
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e lec t rons ,  protons,  vacuum and u l t r a v i o l e t .  A n a l y s i s  o f  b o t h  ground-based and f l i g h t  da ta  on atomic 
oxygen e f f e c t s  w i l l  be c a r r i e d  o u t  t o  determine mechanisms involved.  New p r o t e c t i v e  coa t ings  w i l l  be 
developed. Thermal c o n t r o l  coa t ings  research t o  a l l o w  f u l l  b e n e f i t  o f  composite s t r u c t u r e s  f o r  l a rge -  
area space a p p l i c a t i o n  and the  study o f  t h e  d imensional  s t a b i l i t y  o f  composite s t r u c t u r e s  i n  t h e  space 
cyc l i c- the rma l  environment w i l l  continue. Bas ic  research on m a t e r i a l s  f o r  space power systems, 
p a r t i c u l a r l y  i n  t h e  area o f  f l u i d  heat  exchanger c a p a b i l i t y ,  w i l l  be increased t o  b e t t e r  understand 
m a t e r i a l  c o m p a t i b i l i t y  i ssues t o  ensure long- term system l i f e .  

Advanced carbon-carbon and ceramic composite concepts w i l l  remain a major focus i n  t h e  thermal  
p r o t e c t i o n  systems program. A c t i v i t i e s  i n  the ceramic thermal  p r o t e c t i o n  system area w i l l  con t inue  t o  
be d i r e c t e d  toward the  f u r t h e r  development of f l e x i b l e  ceramic b lanket- type i n s u l a t i o n  f o r  a p p l i c a t i o n  
t o  advanced o r b i t a l  t r a n s f e r  v e h i c l e s  and fo r  f u r t h e r  upgrade o f  m a t e r i a l  c u r r e n t l y  used on t h e  
s h u t t l e .  Both r i g i d  and f l e x i b l e  TPS w i l l  be 
eva luated f o r  use on a rapid- response aerospace plane. 

The new system w i l l  c o s t  l e s s  and w i l l  be more durable. 

Research i n  advanced space s t r u c t u r e s  w i l l  e s t a b l i s h  s t r u c t u r a l  concepts, deployment schemes, and 
packaging techniques t h a t  w i l l  p e r m i t  s t r u c t u r e s  on t h e  order  o f  100 t o  200 meters i n  s i z e  t o  be 
c a r r i e d  i n t o  o r b i t  i n  one s h u t t l e  f l i g h t  and a u t o m a t i c a l l y  deployed. E rec tab le  concepts and assembly 
methods for  s t r u c t u r e s  between 100 and l0clU meters i n  s i z e  w i l l  be developed. Research on a 
m u l t i j o i n t e d  f l e x i b l e  20-meter beam w i l l  be performed t o  e s t a b l i s h  t h e  technology base f o r  t h e  c o n t r o l  
o f  f l e x i b l e  s t r u c t u r e s  dynamic response with the  g o a l  o f  conduct ing  in-space s t r u c t u r a l  dynamics 
f l i g h t  experiments t o  v a l i d a t e  t h e  technology. This a c t i v i t y  w i l l  r e q u i r e  b o t h  a n a l y t i c a l  and 
exper imenta l  research t o  develop procedures t o  c h a r a c t e r i z e  s t r u c t u r a l  c o n f i g u r a t i o n s  d u r i n g  ground 
tes ts ,  as w e l l  as d u r i n g  space tes ts .  A c t i v e  and pass ive  damping techniques t o  reduce s t r u c t u r a l  
v i b r a t i o n  w i l l  be aeveloped i n  p a r a l l e l  with t h e  development o f  methods f o r  p r e d i c t i n g  and reduc ing 
the  dynamic response o f  s t r u c t u r a l  c o n f i g u r a t i o n s  f o r  large- area space p l a t f o r m s  and antenna 
s t r u c t u r e s .  

A coord inated program f o r  research on advanced a n a l y t i c a l  methods w i l l  be conducted i n  FY 1987. 
This program i s  aimed a t  developing, t e s t i n g ,  and v e r i f y i n g  s o l u t i o n  a lgo r i t hms  u t i l i z i n g  
supercomputers. New, extremely f a s t  and e f f i c i e n t  s t r u c t u r a l  a n a l y s i s  methods a r e  e s s e n t i a l  t o  the  
design, ana lys is ,  and performance o f  large- area space s t ruc tu res ,  aerospace p lane  veh ic les ,  and o t h e r  
space s t ruc tu res .  Advanced a n a l y t i c a l  methods t h a t  i n c l u d e  deployment dynamics and mechanisms 
s i m u l a t i o n  w i l l  be cont inued f o r  a n a l y s i s  o f  l a rge ,  f l e x i b l e  space s t r u c t u r e s  and p la t fo rms.  
A d d i t i o n a l l y ,  research t o  develop improved i n t e g r a t e d  f luid- thermal- structural  a n a l y s i s  c a p a b i l i t y  
w i l l  cont inue with focus on gener ic  c o n f i g u r a t i o n s  t o  a l l o w  f o r  t h e  development o f  h i g h l y  e f f i c i e n t ,  
s t a b l e  s t r u c t u r e s  f o r  high-speed f l i g h t .  New i n n o v a t i v e  concepts and j o i n i n g  processes f o r  
f a b r i c a t i n g  l i g h t w e i g h t  high- temperature s t r u c t u r e s  f o r  advanced space t r a n s p o r t a t i o n  veh ic les ,  
i n c l u d i n g  e a r t h- t o- o r b i t  veh ic les ,  w i l l  be developed. 
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1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Est imate  Est imate  E s t  imate  
m d s  o f  D m  

Space data  and communications research 
and technology. ..................... 16,500 16,900 16,000 13,600 

OBJECTIVES AND STATUS 

The space data  and communications research and technology program i s  d i r e c t e d  toward c o n t r o l l i n g ,  
processing,  s t o r i n g ,  and man ipu la t i ng  space-derived da ta  and enab l ing  new concepts i n  s a t e l l i t e  
communications. 

The o b j e c t i v e s  o f  t he  data  systems e f f o r t s  a r e  t o  p rov iae  t h e  technology t o  enable a f f o r d a b l e  
u t i l i z a t i o n  of space-derived in fo rmat ion ;  t o  i nc rease  s u b s t a n t i a l l y  t h e  c a p a b i l i t y  o f  on-board 
process ing f o r  f u t u r e  missions;  and t o  p rov ide  computa t iona l  systems a n t i c i p a t e d  for e v o l u t i o n a r y  
space s t a t i o n .  Development work i s  near ing  complet ion on t h e  massively p a r a l l e l  processor t o  be used 
i n  Landsat data  r e d u c t i o n  and the t e n- t e r a b i t  o p t i c a l - d i s k  juke-box system t o  be used t o  suppor t  a 
nat ionwide space science data  base network. Development o f  t h e  high-bandwidth t e r a b i t  o p t i c a l - d i s k  
b u f f e r  system intended f o r  space s t a t i o n  and o ther  f l i g h t  a p p l i c a t i o n s  i s  underway. I n d i v i d u a l  
elements of t he  technology needed t o  produce t h e  b u f f e r  have been demonstrated and a re  now be ing  
assembled i n t o  a demonstrat ion uni t .  Work i s  underway t o  obta in ,  evaluate,  and assemble processors 
from t h e  very advanced i n t e g r a t e d  c i r c u i t s  t h a t  a re  now becoming a v a i l a b l e  f o r  space app l i ca t i ons .  
Advances i n  on-board process ing and s torage w i l l  a l l o w  t h e  m i g r a t i o n  of ground-based data  process ing 
t o  the  space s t a t i o n ,  thus enab l ing  s u b s t a n t i a l  savings i n  opera t ions  cost .  

The communications technology e f f o r t  p rov ides  t h e  necessary research and technology r e q u i r e d  t o  
m a i n t a i n  and ensure t h e  U.S. preeminence i n  s a t e l l i t e  communications. Fundamental research i n  
microwave tubes has l e d  t o  the  development o f  a 100-watt, 60-GHz (g igaher t z )  t r a v e l i n g  wave tube t o  
p rov ide  high- bandwidth microwave communications c a p a b i l i t i e s  f o r  i n t e r s a t e l l i t e  l i n k s  f o r  t h e  advanced 
t r a c k i n g  and data  r e l a y  s a t e l l i t e  systems. An eight-beam over lapp ing- c lus ter  microwave feed has been 
developed t o  demonstrate t h a t  antennas with cont iguous m u l t i p l e  beams can be designed wi th  very low 
s ide lobes  f o r  optimum ground cover and frequency. Also, a 15-meter hoop-column antenna was designed 
and s u c c e s s f u l l y  t e s t e d  with the  eight-beam feed. Large-aperature feed and antenna technology i s  
aimed a t  opening new space communications markets f o r  mobi le  a p p l i c a t i o n s  and f o r  the  very  l a r g e  
base l i ne  i n t e r f e r o m e t e r  (VLBI) sc ience mission. Recent r e s u l t s  from our large-aperature feed and 
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antenna experiments p rov i de  the oppo r t un i t y  f o r  on- orb i t  antenna shape adjustment c a p a b i l i t y  which 
cou ld  s i g n i f i c a n t l y  reduce the  cos t  of assur ing  p r e c i s i o n  shape. An X-band d i e l e c t r i c  resonator  
o s c i l l a t o r  with e x c e l l e n t  temperature s t a b i l i t y  and low-phase no ise  has been developed which rep laces  
t he  more expensive and er ror- prone frequency m u l t i p l i e r  cha ins  p rev i ous l y  employed i n  spacecra f t  
t ransponders f o r  a p p l i c a t i o n  t o  the  Mar iner  Mark I1 s e r i e s  o f  p lane ta ry  e x p l o r a t i o n  spacecraf t .  A 20- 
GHz m o n o l i t h i c  microwave i n t e g r a t e d- c i r c u i t  t r ansm i t  module has been success fu l l y  b u i l t  and tested.  
This module cons i s t s  of f ive- switched l i n e  phase s h i f t e r  c i r c u i t s  with c o n t r o l  l o g i c ,  a b u f f e r  
a m p l i f i e r  for  phase compensation, and a power a m p l i f i e r  conta ined on a s i n g l e  chip.  Th is  technology 
is necessary f o r  the development of low-weight and c o s t - e f f e c t i v e  phased a r ray  feeds f o r  l a r g e  antenna 
s y s tems . 
CHANGES FROM FY 1986 BU)GET ESTIMATE 

The decrease o f  $0.9 m i l l i o n  i n  space data  and communications research and technology i nc l udes  t h e  
t r a n s f e r  o f  $0.4 m i l l i o n  o f  automation fund ing t o  t he  automation and r o b o t i c s  systems technology 
program; a decrease o f  $0.4 m i l l i o n  t o  suppor t  t he  aerospace i n d u s t r y / u n i v e r s i t y  space f l i g h t  

.experiments e f f o r t ;  and a decrease o f  $0.1 m i l l i o n  i n  p r e c i s i o n  antenna research, which has been 
r e d i r e c t e d  t o  support  t ransatmospher ic technology e f f o r t s  and o ther  h i g h  p r i o r i t y  requirements. 

BASIS OF FY 1987 ESTIMATE 

I n  data  systems, t he  program prov ides  computing technology f o r  upcoming NASA miss ions with emphasis 
on t he  needs o f  space s t a t i o n  and assoc ia ted p la t forms.  The data  systems prograin takes s u b s t a n t i a l  
advantage o f  r e l a t e d  development work done by DOD o r  o ther  government agencies and i s  coord inated with 
those agencies. Very high-performance, high-speed processors w i l l  be assembled f o r  NASA a p p l i c a t i o n s  
from modular components from the  DOD very high-speed i n t e g r a t e d  c i r c u i t s  (VHSIC) program. A very 
h i g h l y  r e l i a b l e  processor f o r  use i n  h i gh  r a d i a t i o n  environments w i l l  be assembled and t es ted  t o  
extend t he  l i f e  and performance c a p a b i l i t i e s  o f  l ow- ear th- orb i t  and p lane ta ry  spacecraf t .  Spaceborne 
processors t o  meet very s p e c i f i c  and demanding requirements o f  s c i e n t i f i c  ins t ruments  w i l l  be 
developed as s p e c i a l  adapta t ions o f  processors f o r  o ther  government app l i ca t i ons .  The high-bandwidth 
t e r a b i t  o p t i c a l - d i s k  b u f f e r  w i l l  be demonstrated f o r  a p p l i c a t i o n  t o  space s t a t i o n  development. Work 
i n  developing high-speed f i b e r - o p t i c  modules f o r  space a p p l i c a t i o n s  i n  con junc t i on  with t he  A i r  Force 
w i l l  continue. Th i s  technology i s  app l i cab le  t o  space s t a t i o n  and t h e  e a r t h  observing system f o r  t h e  
d i s t r i b u t i o n  o f  h i g h  r a t e  data between subsystems. Work w i l l  be i n i t i a t e d  t o  i n v e s t i g a t e  a p p l i c a t i o n s  
f o r  very f as t  and h igh- capac i ty  assoc ia t i ve  memory technology. 

I n  FY 1987, t he  60-GHz t r a v e l i n g  wave tube (TWT) w i l l  be mated with a mul t ip le- depressed c o l l e c t o r  
wi th  an expected two fo l d  enhancement i n  e f f i c i e n c y .  Also, a 60-GHz TWT w i l l  be s p e c i f i c a l l y  designed 
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f o r  power l e v e l s  and bandwidths commensurate w i t h  a demonstrat ion o f  communications between s a t e l l i t e s  
a t  r a t e s  i n  excess of 300 m i l l i o n  b i t s  per second. A programmable adapt ive phased a r ray  feed w i l l  be 
employed with the 15-meter hoop-column antenna t o  prove the t h e o r e t i c a l  concept o f  us ing  phase and 
ampl i tude of the  feed t o  compensate on- o rb i t  fo r  surface deformat ions o f  the  antenna i n  order  t o  
p rov ide  the i d e a l  f a r - f i e l d  antenna pa t te rn .  Work w i l l  a l so  be i n i t i a t e d  on unique adap t i ve  feed 
concepts with frequency reuse and cont iguous m u l t i p l e  beams, a goa l  w i t h  r e v o l u t i o n a r y  i m p l i c a t i o n s  
f o r  l a r g e  antenna systems technology. The major goal.of the m o n o l i t h i c  microwave i n t e g r a t e d  c i r c u i t  
research f o r  FY 1987 w i l l  be t o  b u i l d  a p ro to type  20-GHz feed, complete with the  necessary phase and 
ampl i tude i n t e g r a t e d  c i r c u i t s  and c o n t r o l  l o g i c ,  and t e s t  t h i s  on an approp ia te  antenna i n  the Lewis 
Research Cente r ' s  n e a r - f i e l d  f a c i l i t y .  Th is  work w i l l  u l t i m a t e l y  enable t he  development o f  cost-  
e f f e c t i v e ,  low-weight e l e c t r o n i c a l l y  s t ee rab le  antennas, a technology t h a t  w i l l  d rama t i ca l l y  increase 
the  science r e t u r n s  o f  both low- ear th- orb i t  and p l ane ta r y  missions. The X-band transponder 
demonstrat ion technology w i l l  be completed and t r a n s i t i o n e d  t o  t he  O f f i c e  o f  Space Science and 
App l i ca t i ons  f o r  a p p l i c a t i o n  t o  the Mar iner  Mark I1 s e r i e s  o f  missions. Inc luded  i n  t h i s  w i l l  be the  
success fu l  design and demonstrat ion o f  an engineer ing model o f  a 5-watt  X-band s o l i d - s t a t e  power 
a m p l i f i e r  with record  e f f i c i e n c i e s  o f  approximately 40 percent.  Two-dimensional l a s e r  a r ray  
technology f o r  o p t i c a l  communications bo th  i n  near- earth and p lane ta ry  a p p l i c a t i o n s  w i l l  cont inue. I n  
p a r t i c u l a r ,  a new s o l i d- s t a t e  o p t i c a l  de tec to r  employing a s u p e r l a t t i c e- t y p e  c o n s t r u c t i o n  w i l l  be 
b u i l t  and tested. Th is  dev ice cou ld  a l l ow  ope ra t i on  o f  f u t u r e  o p t i c a l  communications systems a t  
bandwidths i n  excess o f  one g i g a b i t  per second. 
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1986 1987 
C u r r e n t  Budget 1985 Budqet 

Actual Estimate Estimate Estimate 
7Thousands of  Dollars) 

I n f o r m a t i o n  s c i e n c e s  r e s e a r c h  and 
t echno logy  .......................... 17,590 lr3,000 9 ,900 10,200 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h e  i n f o r m a t i o n  s c i e n c e s  r e s e a r c h  and t echno logy  program is t o  p r o v i d e  advanced 
c o n c e p t s ,  t e c h n i q u e s ,  system a r c h i t e c t u r e s ,  hardware components, a l g o r i t h m s ,  and s o f t w a r e  f o r  s p a c e  
i n f o r m a t i o n  systems. The program c o n t a i n s  d i s c i p l i n a r y  a c t i v i t i e s  i n  computer s c i e n c e  and s e n s o r  
systems. The computer s c i e n c e  program is improving t h e  s t a t e  o f  knowledge o f  fundamental  a e r o s p a c e  
computing p r i n c i p l e s  and advancing computing technology i n  s p a c e  a p p l i c a t i o n s  s u c h  a s  s p a c e c r a f t  
o p e r a t i o n s  and i n f o r m a t i o n  e x t r a c t i o n  from images. Advances i n  i n f o r m a t i o n  s c i e n c e  are n e c e s s a r y  t o  
cope wi th  t h e  e x p l o s i v e  growth i n  t h e  q u a n t i t y  and complexi ty  o f  space- acquired data. Sensor  r e s e a r c h  
is focused on e x t e n d i n g  t h e  c a p a b i l i t i e s  o f  active and p a s s i v e  s e n s i n g  systems i n  terms o f  NASA's 
unique requ i rements  f o r  s p e c t r a l  range,  s e n s i t i v i t y ,  and r e s o l u t i o n  t o  e n a b l e  f u t u r e  s c i e n c e  and 
a p p l i c a t i o n s  miss ion  o b j e c t i v e s .  

I n  computer s c i e n c e ,  r e s e a r c h  i n  t h e  fundamentals  o f  data base  l o g i c  have r e s u l t e d  i n  t h e  
development o f  a common user i n t e r f a c e  f o r  a c c e s s i n g  data from several d a t a  b a s e s ,  even when t h e  d a t a  
b a s e s  be ing  accessed  have v e r y  d i f f e r e n t  structures. T h i s  work p r o v i d e s  t h e  f o u n d a t i o n  t h a t  w i l l  
e n a b l e  NASA space  d a t a  users access t o  m u l t i p l e  d a t a  b a s e s  independent  o f  t h e i r  p h y s i c a l  d i s t r i b u t i o n  
o r  s t r u c t u r e .  T h i s  r e s e a r c h  w i l l  r educe  t h e  c o s t  o f  d a t a  base  i n t e n s i v e  r e s e a r c h  t h a t  would o t h e r w i s e  
be u n a f f o r d a b l e .  

N e w  approaches  t o  s o f t w a r e  management w i l l  be  evaluated i n  ongoing s o f t w a r e  p r o d u c t i o n  
fac i l i t ies .  An exper iment  t o  test t h e  v a l i d i t y  o f  a s imula t ion- based  c o s t  model f o r  t h e  s o f t w a r e  
l i f e  cycle w i l l  be s t a r t i n g .  S t u d i e s  o f  p a r a l l e l  a l g o r i t h m s  and p r i n c i p l e s  o f  concurrency are 
underway and are y i e l d i n g  i n f o r m a t i o n  on how t o  use t h e  l a r g e l y  u n e x p l o i t e d  c a p a b i l i t i e s  o f  p a r a l l e l  
p r o c e s s o r s .  The developmental  work on t h e  massively p a r a l l e l  p r o c e s s o r  is now concluding.  Tha t  
p r o c e s s o r  is now t r a n s i t i o n i n g  from its developmental  role i n t o  an o p e r a t i o n a l  one t o  s u p p o r t  research 
r e q u i r i n g  very powerful  computing c a p a b i l i t i e s .  Researchers a t  14 u n i v e r s i t i e s ,  8 r e s e a r c h  
l a b o r a t o r i e s ,  and 3 NASA c e n t e r s  are u s i n g  t h i s  computer t o  evaluate its unique c a p a b i l i t i e s  f o r  image 
p r o c e s s i n g .  
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I n  t h e  sensor technology program, a Raman-shifted, e f f i c i e n t ,  u l t r a v i o l e t  excimer l a s e r  under 
development w i l l  be used t o  demonstrate the  f e a s i b i l i t y  o f  a c t i v e  remote mon i to r ing  o f  s t r a t o s p h e r i c  
ozone from t h e  grouna-based l i g h t  d e t e c t i o n  and rang ing  (LIDAR) f a c i l i t y  f o r  eventua l  space 
a p p l i c a t i o n  fo r  t h e  e a r t h  observ ing system (EOS) mission. I n  t h e  area o f  s o l i d- s t a t e  l ase rs ,  r e s u l t s  
of exper imenta l  measurements of p o t e n t i a l  l a s e r  m a t e r i a l s  and dopant i o n s  i n d i c a t e  t h a t  m a t e r i a l s  
which e x h i b i t  broad f luorescence emission w i l l  a l s o  be capable o f  t unab le  l a s e r  opera t ion  over broad 
wavelength regions,  a f e a t u r e  of importance i n  a c t i v e  remote sensing. I n  a d d i t i o n ,  research i s  be ing  
done on two-dimensional a r rays  of semiconductor l a s e r s  with emission energy d e n s i t i e s  g r e a t e r  than  a 
k i l o w a t t  per  square cent imeter  t o  rep lace  f lashlamps f o r  l a s e r  pumping f o r  use i n  miss ions such as 
EOS. 

I n  c o n j u n c t i o n  with t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology, a s u p e r l a t t i c e  d iode has been b u i l t  
which o f f e r s  the  p o t e n t i a l  o f  i n t e g r a t i n g  t h e  de tec to r  w i t h  t h e  l a s e r  and o the r  a c t i v e  devices on t h e  
same c h i p  and hav ing the  dev ice  vol tage- tune over wavelength reg ions  o f  i n t e r e s t  enab l i ng  wavelength 
adapt ive  space sensor c a p a b i l i t y .  The development o f  an antimony doped s i l i c o n  a r r a y  has extended t h e  
c a p a b i l i t y  o f  space i n f r a r e d  sensors t o  36 micrometers wi th  an o rde r  o f  magnitude lower readout  
noise. This device w i l l  f i nd  a p p l i c a t i o n  on t h e  l a r g e  deployable r e f l e c t o r  mission. An X-ray imaging 
spectrometer has been invented t h a t  w i l l  analyze X-rays i n  t h e  1- t o  3 0- k i l o e l e c t r o n  v o l t  r e g i o n  which 
i s  an impor tan t  sc ience o b j e c t i v e  o f  t h e  advanced X-ray as t ronomica l  f a c i l i t y .  

CHANGES FROM FY 1986 ENDGET ESTIMATE 

The decrease o f  $8.1 m i l l i o n  i n  i n f o r m a t i o n  sc iences research and technology r e f l e c t s  t h e  t r a n s f e r  
of automat ion and r o b o t i c s  fund ing t o  systems technology and a r e d u c t i o n  i n  i n f o r m a t i o n  sciences o f  
$0.3 m i l l i o n  i n  order  t o  support  p r i o r i t y  t ransatmospher ic technology e f f o r t s .  

BASIS OF FY 1987 ESTIMATE 

I n  computer science, t h e  knowledge-based techniques t h a t  have been demonstrated as a p p l i e d  t o  
hyperspec t ra l  scene a n a l y s i s  f o r  geo log ic  remote sensing w i l l  be expanded and shared with o t h e r  users  
t o  demonstrate the  usefu lness and p o r t a b i l i t y  o f  t he  approach t o  t h e  a n a l y s i s  o f  space-acquired 
data. The d i s t r i b u t e d  access and view i n t e g r a t e d  da ta  base work w i l l  focus on app ly ing  t h i s  
c a p a b i l i t y  t o  se lec ted  p i l o t  space data  systems. 

A major  emphasis i s  be ing  p laced on the  c o o r d i n a t i o n  of NASA and DOD sof tware  technology programs. 
ADA has a l ready been se lec ted  as t h e  language f o r  space s t a t i o n ,  and e f f o r t s  w i l l  be cont inued t o  
maximize the  b e n e f i t s  from use o f  t h a t  language. Spec ia l  e f f o r t s  w i l l  cont inue t o  coo rd ina te  NASA 
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technology with the  DO0 software technology f o r  adaptable r e l i a b l e  systems program and t h e  DOD 
Software Eng ineer ing  I n s t i t u t e .  Software engineer ing research l e a d i n g  toward improved techniques and 
t o o l s  t o  produce and manage l a r g e  and complex sof tware development tasks  w i l l  cont inue. Software 
engineer ing advances w i l l  be combined i n  a showcase aerospace so f tware  produc t ion  environment which 
w i l l  reduce the  cos t  of  a l l  f u tu re  space so f tware  development e f f o r t s .  

The Center f o r  Aeronaut ics and Space I n f o r m a t i o n  Sciences a t  S tan ford  U n i v e r s i t y  w i l l  con t inue  as a 
center  o f  exce l lence  i n  aerospace computing, conduct ing research and educat ing s tudents  i n  concur ren t  
processing, networking, i n f o r m a t i o n  management, and la rge- sca le  system a rch i t ec tu re .  

I n  the  sensors program, work w i l l  con t inue  on de tec to r  a r rays  f o r  background- l imi ted observat ions 
f o r  space-based as t ronomica l  observat ions. Techniques such as i m p u r i t y  band photodetec to rs  and 
s t ressed photodetec to rs  w i l l  be i n v e s t i g a t e d  f o r  extending the  s e n s i t i v i t y  ou t  i n t o  the very f a r  
i n f r a r e d  and i n t o  the  upper p a r t  o f  t he  submi l l ime te r  p o r t i o n  o f  t h e  e lect romagnet ic  spectrum. 
Superconducting m ix ing  devices with wide-band gap m a t e r i a l s  w i l l  be i n v e s t i g a t e d  f o r  use a t  mid- 
submi l l ime te r  wavelengths. Research on a r rays  o f  mixers for  simultaneous s p a t i a l  and s p e c t r a l  imaging 
w i l l  be i n i t i a t e d .  Submi l l imeter  sensing techno log ies  a re  ta rge ted  a t  atmospheric and ast ronomical  
sensing.missions. These technology e f f o r t s  a re  aimed a t  p r o v i d i n g  s c i e n t i s t s  with t h e  remote sensing 
c a p a b i l i t y  i n  the submi l l imeter  r e g i o n  o f  the  e lect romagnet ic  spectrum. Pumping o f  s o l i d - s t a t e  l a s e r s  
wi th  va r i ous  geomet r ica l  a r rays  o f  semiconductor diodes w i l l  be pursued for  a c t i v e  remote sensing. 
Also, new s o l i d- s t a t e  c r y s t a l s  with l a r g e  degrees o f  t un ing  bandwidth, toge ther  w i th  doub l ing  
c r y s t a l s ,  w i l l  be i n v e s t i g a t e d  f o r  reach ing  p r e v i o u s l y  una t ta inab le  wavelengths. These l a s e r  sensing 
techno log ies  w i l l  be evaluated on the  l a s e r s  i n  space technology experiments and are  ta rge ted  for  
a p p l i c a t i o n  on EOS. 
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1986 1987 
Budqet Cur ren t  Budget 1985 

Est imate  Es t ima te  Es t ima te  
- m d s  o f  Dollars) 

A c t u a l  

C o n t r o l s  and guidance research and 
technology.. ........................ 8,600 8,900 7,500 7,500 

OBJECTIVES AND STATUS 

The space c o n t r o l s  and guidance research and technology program goa ls  a r e  t o  generate t h e  p r a c t i c a l  
design methods and techniques r e q u i r e d  t o  enable p r e c i s e  p o i n t i n g  and s t a b i l i z a t i o n  for  f u t u r e  NASA 
spacecra f t  and payloads; t o  ma in ta in  p r e c i s e  s t r u c t u r a l  shape c o n t r o l  f o r  h i g h l y  f l e x i b l e  l a r g e  space 
systems; and t o  guide, navigate,  and c o n t r o l  advanced space t r a n s p o r t a t i o n  vehic les.  Emphasis i s  
be ing  p laced on advancing the  methodology of combining bo th  ground-based t e s t i n g  and f u t u r e  space- 
based t e s t i n g  wi th  modern c o n t r o l  t heo ry  t o  v a l i d a t e  advanced f l e x i b l e  body modeling techniques and 
c o n t r o l  laws. 

Recent program accomplishments i n c l u d e  the  success fu l  demonstrat ion o f  d i s t r i b u t e d  a c t i v e  c o n t r o l  i n  
improv ing d is turbance suppression damping by a f a c t o r  o f  f i v e  or more, a r e s u l t  impor tan t  t o  t h e  NASA 
planned p i n h o l e  o c c u l t e r  p r o j e c t  and planned mobi le communication s a t e l l i t e  ventures; t h e  comple t ion  
o f  t h e  spacecra f t  c o n t r o l  l a b o r a t o r y  experiment t e s t  a r t i c l e  f o r  t h e  t e s t i n g  o f  new s p a c e c r a f t  
p o i n t i n g  c o n t r o l  a lgo r i t hms  impor tan t  t o  l a r g e  f l e x i b l e  a s t r o p h y s i c a l  r e f l e c t o r  telescopes; system 
i d e n t i f i c a t i o n  programs which can accura te l y  determine, on o r b i t ,  t h e  v i b r a t i o n  modes i n  l a r g e  space 
systems, such as growth space s t a t i o n ;  t h e  success fu l  breadboard t e s t  o f  a unique three- dimensional  
shape and mot ion sensor u s e f u l  f o r  determin ing t h e  behav ior  o f  l a r g e  f l e x i b l e  s t r u c t u r e s  i n  space, 
such as w i l l  be t e s t e d  i n  the c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  f l i g h t  experiments; and t h e  i n v e n t i o n  o f  
a nove l  soft-mounting i s o l a t i o n  dev ice  which uses a newly a v a i l a b l e  p i e z o e l e c t r i c  polymer as t h e  
c o n t r o l  ac tua to r  f o r  suppor t i ng  p r e c i s e l y  p o i n t e d  payloads on space s t a t i o n .  P r a c t i c a l  guidance laws 
were generated from op t ima l  n a v i g a t i o n  c o n t r o l  t heo ry  f o r  a wide range o f  aeromaneuvering o r b i t a l  
t r a n s f e r  vehic les.  Also, i n  the t r a n s p o r t a t i o n  system v e h i c l e s  area, a very success fu l  l a b o r a t o r y  
t e s t  was completed f o r  the  a l l  s o l i d- s t a t e  f i b e r - o p t i c  r o t a t i o n  sensor, s a t i s f y i n g  a wide spectrum o f  
t r a n s p o r t a t i o n  v e h i c l e  requirements f o r  a r e l i a b l e ,  l o n g - l i f e ,  autonomous, p r e c i s i o n  n a v i g a t i o n  
c a p a b i l i t y .  A broad techqology p l a n  was completed t o  guide t h e  o v e r a l l  t r a n s p o r t a t i o n  v e h i c l e  
program's f u t u r e  a c t i v i t i e s .  
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c#ANGES FROM FY 1986 BUDGET ESTINATE 

The decrease o f  $1.4 m i l l i o n  i n  c o n t r o l s  and guidance research and technology r e s u l t e d  from the  
f o l l o w i n g  ac t ions :  rea l ignment  o f  $0.2 m i l l i o n  fo r  c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  t o  space f l i g h t  
research and technology; r e d u c t i o n  of $0.7 m i l l i o n  i n  space p l a t f o r m  opera t ions  t o  support  t he  
aerospace i n d u s t r y / u n i v e r s i t y  f l i g h t  experiments e f f o r t  i n  the  space f l i g h t  research and technology 
budget l i n e ;  t r a n s f e r  o f  $b.4 m i l l i o n  i n  the  t e l e o p e r a t i o n s  area t o  the  automat ion and r o b o t i c s  
systems technology program; and rea l ignment  o f  $0.1 m i l l i o n  t o  suppor t  p r i o r i t y  t ransatmospher ic 
technology e f f o r t s .  

BASIS OF FY 1987 ESTIMATE 

S p e c i f i c  FY 1987 c o n t r o l s  and guidance research a c t i v i t i e s  w i l l  i n c l u d e  f u r t h e r  t h e o r e t i c a l  
e x p l o r a t i o n  of modern c o n t r o l  t heo ry  methods assoc ia ted with system i d e n t i f i c a t i o n ,  d i s t r i b u t e d  
c o n t r o l  and adapt ive  c o n t r o l ,  and d e f i n i t i v e  t e s t i n g  o f  competing methods i n  ground t e s t  f a c i l i t i e s .  
The goa l  i s  t o  i d e n t i f y  and v a l i d a t e  t h e  most e f f e c t i v e  c o n t r o l  concepts f o r  in-space t e s t s  aboard t h e  
c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  f l i g h t  experiment. The unique three- dimensional  shape and mot ion 
sensor i s  be ing  extended t o  a m u l t i t a r g e t  c a p a b i l i t y  f o r  a p r e c i s e  shape measurement o f  r e a l i s t i c  
three- dimensional  l a r g e  space s t r u c t u r e s  such as t h e  l a n d  mobi le s a t e l l i t e  and space s t a t i o n .  The 
p r e c i s i o n  soft-mount elements, u s e f u l  f o r  space s t a t i o n  mounted payloads, w i l l  be f a b r i c a t e d  and 
breadboard t e s t e d  under r e a l i s t i c  space s t a t i o n  d is turbance environment. 

I n  t h e  advanced t r a n s p o r t a t i o n  systems area, t h e  t e c h n i c a l  chal lenge w i l l  be met f o r  s o l u t i o n s  f o r  
aeromaneuvering v e h i c l e s  undergoing s k i p  t r a j e c t o r i e s ,  s y n e r g i s t i c  p lane changes, and p r e c i s e  land ings  
i n v o l v i n g  l a r g e  downrange and crossrange c a p a b i l i t y .  The advancement o f  t he  very promis ing a l l  s o l i d -  
s t a t e  f i b e r - o p t i c  r o t a t i o n  sensor f o r  n a v i g a t i o n  w i l l  be cont inued t o  p rov ide  t r a n s p o r t a t i o n  v e h i c l e  
and i n t e r p l a n e t a r y  spacec ra f t  requirements f o r  l o n g  l i f e  and r e l i a b i l i t y .  A s u b s t a n t i a l  e f f o r t  w i l l  
be devoted t o  examining the concept o f  t he  con t ro l - con f igu red  space t r a n s p o r t a t i o n  veh ic le ,  a v e h i c l e  
which depends l a r g e l y  on t h e  r a p i d l y  advancing areas o f  c o n t r o l s  technology f o r  i t s  performance, 
s t a b i l i t y ,  and economy o f  opera t ion .  
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1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Est imate  Est imate  Est imate  
m d s  o f  D o l l a r s )  

Human f a c t o r s  research and 
technology... ....................... 3,700 4,GUO 2,300 2,30U 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t he  space human f a c t o r s  research and technology program i s  t o  p r o v i d e  t h e  
technology base f o r  p r o d u c t i v i t y ,  e f f i c iency ,  and s a f e t y  i n  i n c r e a s i n g l y  complex manned space 
opera t ions ,  i n c l u d i n g  the  space s t a t i o n  and a p o t e n t i a l  n a t i o n a l  aerospace plane. The research i s  
focused on c r e w s t a t i o n  design and p r o d u c t i v i t y  enhancements f o r  e x t r a v e h i c u l a r  a c t i v i t y  (EVA).  The 
o b j e c t i v e  o f  t he  c r e w s t a t i o n  design e f f o r t  i s  t o  determine the  requirements f o r  e f f e c t i v e  i n t e r f a c e s  
between human opera tors  and advanced automation. This i s s u e  has become very c h a l l e n g i n g  due t o  t h e  
i n c r e a s i n g  l e v e l s  of machine i n t e l l i g e n c e  and autonomy sought by system designers. I n s t e a d  of 
per forming low- leve l  sensor i n t e g r a t i o n  and determin ing ac tua to r  p o s i t i o n s ,  t h e  human opera tor  i s  
becoming a superv i so r  o f  i n t e l l i g e n t  systems. For  example, an exper t  system i n t e r f a c e  has been 
designed for  an o r b i t a l  r e f u e l i n g  system with f a u l t  d iagnos is  and exp lana t ion  s t r a t e g i e s  developed 
from s imula ted o p e r a t i o n a l  experience. 

E f f e c t i v e  i n f o r m a t i o n  t r a n s f e r  between the system and the opera tor  i s  fundamental t o  the  o p e r a t i o n  
o f  h i g h l y  automated systems. Cur ren t  research has guided development o f  a wide f i e ld- o f- v iew s t e r e o  
helmet- mounted d i s p l a y  f o r  remote manipu la t ion ,  a lgo r i t hms  f o r  machine v i s i o n ,  and g u i d e l i n e s  f o r  
improved p r o x i m i t y  opera t ions  d isp lays .  

One thrust  o f  the  c r e w s t a t i o n  design e f f o r t  i s  t o  ensure t h a t  human/computer i n t e r a c t i o n  technology 
developed o u t s i d e  t h e  agency i s  adapted t o  NASA's unique aerospace needs. As p a r t  o f  t h i s  e f f o r t ,  a 
p r o j e c t  i s  underway t o  develop comprehensive g u i d e l i n e s  de r i ved  from research by i n d u s t r y ,  t h e  
m i l i t a r y ,  and academia. An adv isory  group has been created and has f o r m a l l y  reviewed i n i t i a l  s e c t i o n s  
o f  t h e  gu ide l ines .  Formal p u b l i c a t i o n  i s  planned f o r  FY 1987. 

A second broad thrust  i s  the  development o f  r a p i d  p r o t o t y p i n g  methodologies f o r  c rews ta t i on  
design. The idea  i s  t o  b r i n g  together  very advanced research concepts i n  working aemonstrat ions and 
t o  o b t a i n  user eva lua t ions  e a r l y  i n  the  research and development process. This encourages focused 
research which addresses the  needs o f  t he  user community. Rapid p r o t o t y p i n g  i s  be ing  a p p l i e d  t o  a 
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wide f i e ld- o f- v iew s te reo  d i s p l a y  f o r  enhanced s i t u a t i o n a l  d isp lays .  The dev ice  i s  a major 
breakthrough i n  eng ineer ing design because i t  has achieved very h igh  f u n c t i o n a l i t y  a t  very  low weight, 
power, and cost.  I t  w i l l  s i g i f i c a n t l y  augment v i s u a l  feedback i n  t e l e o p e r a t i o n s  tasks  on space 
s t a t i o n .  Cur ren t l y ,  tw, ve rs ions  o f  t h e  d i s p l a y  system have been b u i l t  based on l i q u i d  c r y s t a l  
technology. L i q u i d  c r y s t a l  d i s p l a y  technology a l l ows  low cost ,  h i g h  f u n c t i o n a l i t y ,  and ruggedness. 
An advanced ve rs ion  o f  t h e  v ideo processor has been b u i l t  and ho lograph ic  o p t i c s  a re  be ing  designed. 
Holographic o p t i c s  w i l l  reduce the  weight of t he  system and a l l o w  very  compact packaging. 

To encourage r a p i d  p r o t o t y p i n g  a t  t he  systems l e v e l ,  a space s t a t i o n  p r o x i m i t y  opera t ions  
w o r k s t a t i o n  mockup i s  be ing  b u i l t  t o  b r i n g  together  a wide a r r a y  o f  advanced research concepts, 
i n c l u d i n g  vo ice  i n t e r a c t i o n  automated systems, i n t e l l i g e n t  system i n t e r f a c e  sof tware,  th ree-  
dimensional  pe rspec t i ve  d isp lays ,  s p a t i a l  a u r a l  d i sp lays ,  and e x t e r i o r  window concepts. Cur ren t l y ,  
t he  d i s p l a y  and c o n t r o l  hardware i s  be ing assembled i n  a c y l i n d r i c a l  module. Researchers i n  each o f  
t h e  above areas have p r o j e c t s  which they a r e  p repar ing  f o r  i n t e g r a t i o n  i n t o  the  module. These i n c l u d e  
an exper t  system f o r  human i n t e r f a c e  t o  t h e  i n - o r b i t  r e f u e l i n g  system, i n n o v a t i v e  d i s p l a y  formats f o r  
space t r a f f i c  c o n t r o l  and EVA moni tor ing ,  and a work ing helmet-mounted display.  The space s t a t i o n  
p r o x i m i t y  opera t ions  works ta t i on  w i l l  be used t o  t e s t  advanced concepts f o r  human/automation 
i n t e r f a c e .  P r o x i m i t y  opera t ions  scenar ios  w i l l  be u t i l i z e d  f o r  these studies.  

I n t e r a c t i o n  wi th  automated (exper t )  systems i s  a t h i r d  major thrust o f  t h e  c r e w s t a t i o n  design 
e f f o r t .  E f f e c t i v e  c o o r d i n a t i o n  o f  automated and human-control led f u n c t i o n s  i s  r e q u i r e d  f o r  NASA 's  
i n c r e a s i n g l y  complex missions. Improved crew i n t e r f a c e  t o  automat ion w i l l  a l l o w  r e d u c t i o n  o f  ground 
suppor t  requirements and g rea te r  crew p r o d u c t i v i t y ,  even as o p e r a t i o n a l  demands increase.  I n  
p a r t i c u l a r ,  s t u d i e s  are  underway t o  determine how b e s t  t o  i n t e r a c t  with automat ion which shares system 
exper t i se ,  a u t h o r i t y ,  and c o n t r o l  wi th t h e  human operator .  One o f  these s t u d i e s  uses an o r b i t a l  
r e f u e l i n g  system s imu la to r  and exper t  system f o r  exp lana t ion  o f  operator /automat ion i n t e r f a c e  
experiments. This study has shown t h a t  opera to rs  r e q u i r e  exp lana t ion  o f  h igher  l e v e l  s i t u a t i o n a l  
i m p l i c a t i o n s  o f  "out-of- to lerance" cond i t ions .  

A very success fu l  research p r o j e c t  i n  l a s e r  anthropometry suppor ts  b o t h  c r e w s t a t i o n  design and EVA 
performance. The system i s  i n s t a l l e d  and i n  f u l l  operat ion.  This unique t o o l  a l l ows  the  three-  
dimensional  p o s i t i o n  of an as t ronaut  t o  be recorded r a p i d l y  and accura te ly ;  t h e  data  a r e  then 
recons t ruc ted  i n t o  geometric form f o r  a n a l y s i s  o f  as t ronau t  a c t i v i t i e s .  This a l l ows  automated t e s t s  
of proposed works ta t i on  layouts ,  as w e l l  as de te rm ina t ion  o f  t h e  f e a s i b i l i t y  o f  s p e c i f i c  EVA tasks. 
The l a s e r  anthropometry system i s  be ing  augmented by a d d i t i o n  o f  a s t r e n g t h  and mot ion da ta  base. 
Experiments a r e  underway t o  o b t a i n  data  f o r  t he  upper body. 
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Other suppor t  f o r  EVA i n c l u d e s  a space helmet-mounted d i s p l a y  which can be used t o  d i s p l a y  s u i t  
s t a t u s  and EVA task  guidance in format ion .  This system has been p ro to typed  and i s  c u r r e n t l y  undergoing 
i n t e g r a t i o n  t e s t s  and i n i t i a l  format development. The space human f a c t o r s  program i s  a l s o  
c o n t r i b u t i n g  t o  t h e  agency's development of a hard  spacesui t .  A hard  spacesu i t  w i l l  a l l o w  as t ronau ts  
t o  e x i t  t he  spacecraf t  w i thou t  seve ra l  hours o f  prebreathing,  because i t  operates a t  t h e  same h i g h  
atmospheric pressure as t h e  spacec ra f t  cabin. Two high- pressure demonstrator su i t s  a r e  be ing  b u i l t  
and tested.  

CHANGES FROM FY 1986 BUDGET ESTIMATE 

The decrease o f  $1.7 m i l l i o n  i n  human f a c t o r s  research and technology r e f l e c t s  t h e  t r a n s f e r  o f  t h e  
t e l e o p e r a t i o n s  e f f o r t  ($1.6 m i l l i o n )  t o  t h e  automat ion and r o b o t i c s  systems technology program and a 
rea l ignment  o f  $0.1 m i l l i o n  t o  suppor t  t ransatmospher ic technology e f f o r t s .  

BASIS OF FY 1987 ESTIMATE 

Research i n  FY 1987 w i l l  emphasize crew works ta t i on  design w i th  a l e s s e r  e f f o r t  i n  EVA aids.  A 
comprehensive s e t  o f  human f a c t o r s  g u i d e l i n e s  which are  s p e c i f i c  t o  NASA's miss ions w i l l  be pub l i shed  
ana d i s t r i b u t e d  t o  space s t a t i o n  con t rac to rs .  The p r o x i m i t y  opera t ions  mockup w i l l  be a mature 
f a c i l i t y  f o r  suppor t  o f  r a p i d  p ro to typ ing ,  and advanced research concepts w i l l  be brought  i n  f o r  
systems- level  e v a l u a t i o n  and comment by users. By FY 19b7,  research on the  wide f i e ld- o f- v iew s t e r e o  
d i s p l a y  w i l l  be ready t o  suppor t  an advanced v i r t u a l  d i s p l a y  c a p a b i l i t y .  The v i r t u a l  d i s p l a y  i s  a 
major  l e a p  beyond c u r r e n t  computer d i s p l a y  technology. I t  a l l o w s  computer-generated g raph ics  and t e x t  
t o  be d i sp layed  anywhere i n  the  u s e r ' s  workspace, which g r e a t l y  improves t h e  i n f o r m a t i o n  t r a n s f e r  
c a p a b i l i t y  o f  s p a t i a l  i n f o r m a t i o n  d isp lays .  

Exper t  system i n t e r f a c e  analyses w i l l  develop m u l t i l e v e l  system models and o the r  s t r a t e g i e s  t o  
enable systems and users t o  communicate e f f i c i e n t l y  about system s t a t u s  and f a u l t  d iagnosis.  Laser 
anthropometry work w i l l  i n c l u d e  the comple t ion  o f  e f f o r t s  t o  model the  s t r e n g t h  and mot ion parameters 
o f  t h e  upper body, and s i m i l a r  modeling work f o r  t h e  lower  body w i l l  be i n i t i a t e d .  Sof tware 
enhancements w i l l  improve t h e  user i n t e r f a c e  t o  the  anthropometry data  base. E f f o r t s  w i l l  beg in  t o  
i n t e g r a t e  t h e  anthropometr ic  data  base with o the r  human f a c t o r s  computer-aided des ign t o o l s .  
Opera t iona l  formats w i l l  be developed f o r  t h e  space helmet d i s p l a y  and evaluated f o r  a p p l i c a t i o n  t o  
EVA tasks. Research t o  support  t he  high- pressure hard  spacesu i t  e f f o r t  w i l l  focus on new approaches 
t o  f l e x i b l e  but durab le  g loves t h a t  can be used comfor tab ly  a t  h i g h  i n t e r n a l  pressures. H igher  su i t  
pressures cause gloves t o o  be l e s s  f l e x i b l e ,  which increases c h a f f i n g  and o t h e r  d iscomforts.  High- 
pressure  g loves have a l s o  s u f f e r e d  unacceptable f a t i g u e  f a i l u r e s .  
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19b6 1987 
1985 Budget Cur rent  Budget 

A c t u a l  E s t  imate Est imate  Est imate  
m d s  o f  

Space f l i g h t  research and 
technology. ....................... 11,468 11,90O 17,4(~0 22,400 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h i s  program i s  t o  p rov ide  a research- qua l i t y  f l i g h t  da ta  base f o r  the  v a l i d a t i o n  
of ground-based research and technology e f f o r t s  r e q u i r e d  f o r  t h e  development of f u t u r e  space systems 
and operat ions.  This o b j e c t i v e  is accomplished through the  u t i l i z a t i o n  o f  t he  space s h u t t l e  as an in-  
space research labo ra to ry .  F l i g h t  da ta  obta ined from t h i s  e f f o r t  p rov ide  a foundat ion  f o r  t h e  
development, re f inement  and v e r i f i c a t i o n  of a n a l y t i c a l  t h e o r i e s  and ground f a c i l i t y  performance, t e s t  
methods, and techniques. This program encompasses t h e  design, development, and f l i g h t  t e s t  o f  
experiments and the development o f  s p e c i a l  purpose, reusable, f l i g h t  research f a c i l i t i e s  f o r  use i n  
space. 

Under the  o r b i t e r  experiments program (OEX), s h u t t l e  f l i g h t s  have inc luded  key aerodynamic and 
aerothermodynamic experiments on o r b i t e r  v e h i c l e  1b2. These experiments i nc luded  low- and high-  
a l t i t u d e  research- qua l i t y  a i r  da ta  systems f o r  the  measurement o f  a i r  dens i t y  from the  upper 
atmosphere t o  touchdown and an i n f r a r e d  scanner i n  t h e  v e r t i c a l  s t a b i l i z e r  t o  measure e n t r y  h e a t i n g  on 
the  s h u t t l e  upper wing and fuselage surfaces. Also, d u r i n g  FY 1986, t h e  second f l i g h t  o f  an adapt ive  
a u t o p i l o t  w i l l  have demonstrated autonomous rendezvous w i th  a r e a l  t a rge t .  This experiment has 
demonstrated an automated rendezvous and docking c a p a b i l i t y  t h a t  w i l l  p rov ide  s i g n i f i c a n t  b e n e f i t s  t o  
f u t u r e  space opera t ions  and, i n  p a r t i c u l a r ,  t o  f u t u r e  space s t a t i o n  operat ions.  I n  l a t e  FY 1986, 
f l i g h t  t e s t i n g  o f  advanced thermal  p r o t e c t i o n  system t e s t  panels w i l l  be i n i t i a t e d .  These panels w i l l  
p rov ide  a c t u a l  f l i g h t  da ta  on durable, high-performance concepts which cou ld  become candidates f o r  
f u t u r e  aerospace veh ic les .  The o r b i t e r  a c c e l e r a t i o n  research experiment w i l l  p rov ide  accura te  
aerodynamic a c c e l e r a t i o n  measurements d u r i n g  o r b i t  and r e e n t r y  and w i l l  make s i g n i f i c a n t  c o n t r i b u t i o n s  
t o  the  data  base f o r  the  r a r e f i e d  and t r a n s i t i o n a l  f l o w  regimes. This data  base w i l l  be used t o  
p r e d i c t  drag fo rces  more accu ra te l y  on l a r g e  space s t r u c t u r e s  t o  enable accurate p r e d i c t i o n  of 
p r o p e l l a n t  usage fo r  o r b i t  maintenance and a t t i t u d e  c o n t r o l .  This experiment has completed c r i t i c a l  
design review i n  p repara t ion  f o r  hardware development and a planned f l i g h t  i n  t h e  1988 t ime frame. 

An aeroass is t  o r b i t a l  t r a n s f e r  v e h i c l e  (AOTV)  o f f e r s  t h e  p o t e n t i a l  o f  u t i l i z i n g  atmospheric fo rces  
For some missions, t h e  p r o p e l l a n t  r a t h e r  than a p ropu ls ion  system t o  achieve des i red  o r b i t a l  changes. 
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savings of an AOTV, as compared t o  a conven t iona l  c o n f i g u r a t i o n ,  i s  es t imated t o  be s u f f i c i e n t  t o  
a l l o w  n e a r l y  double t h e  payload f o r  the  same s i z e  veh ic le .  The AOTV f l i g h t  experiment w i l l  r e lease  a 
t e s t  v e h i c l e  from the o r b i t e r  payload bay t o  be r a i s e d  i n  o r b i t ,  then acce lera ted i n t o  t h e  atmosphere 
t o  s imu la te  t h e  aerobrake maneuver, and recovered i n t o  t h e  payload bay. Dur ing  t h e  maneuver, da ta  on 
aerodynamic, aerothermodynamic, and thermal  p r o t e c t i o n  system response w i l l  be achieved. Ground-based 
wind tunne ls  a re  n o t  capable o f  s i m u l a t i n g  t h e  aerobrak ing environment. This experiment i s  c u r r e n t l y  
i n  concept d e f i n i t i o n  i n  p r e p a r a t i o n  f o r  t h e  Phase C/D (design, development, and f l i g h t  t e s t )  
i n i t i a t i o n  i n  FY 1988. 

The cryogen ic  f l u i d  management f l i g h t  experiment, which p rov ides  bas ic  understanding o f  t h e  storage, 
a c q u i s i t i o n ,  and t r a n s f e r  o f  c ryogen ic  f l u i d s  i n  zero  g r a v i t y ,  w i l l  complete systems l e v e l  p r e l i m i n a r y  
design e f f o r t s ,  t he  Phase I ground s a f e t y  reviews, and the i n s t a l l a t i o n  o f  t he  c ryogen ic  systems 
a n a l y s i s  model on the  Cray computer. This technology i s  c r i t i c a l  t o  t h e  des ign o f  f u t u r e  
c r y o g e n i c a l l y  f u e l e d  o r b i t a l  t r a n s f e r  v e h i c l e s  ( O T V )  and f o r  t h e  on- orb i t  supply and resupp ly  of 
cryogens t o  bo th  spacec ra f t  and p l a t f o r m s  i n  t h a t  i t  w i l l  p rov ide  t h e  technology t o  des ign cryogen ic  
systems t o  minimize p r o p e l l a n t  b o i l o f f  d u r i n g  s to rage  and t r a n s f e r  and thus p r o v i d e  opera t ing  
e f f i c i e n c i e s  t h a t  w i l l  s i g n i f i c a n t l y  reduce t h e  t r a n s p o r t a t i o n  c o s t s  assoc ia ted w i th  space-based 
O T V ' s .  

The d e f i n i t i o n  o f  a hypersonic technology f l i g h t  experiment w i l l  be i n i t i a t e d  i n  1986 t o  p rov ide  
exper imenta l  f l i g h t  da ta  a p p l i c a b l e  t o  high-speed aerospace v e h i c l e  performance i n  the  h i g h  Mach 
number and a l t i t u d e  regimes t o  v a l i d a t e  aerodynamic and aerothermodynamic computat ional  c a p a b i l i t y  and 
t h e  behavior  of advanced m a t e r i a l  components and a c t i v e l y  coo led thermal  s t r u c t u r e s  components. 

The development of a space technology experiments p l a t f o r m  (STEP) was i n i t i a t e d  i n  FY 1985 t o  
p rov ide  a dedicated support  system which w i l l  be used t o  conduct f l i g h t  experiments t o  study t h e  
c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  i n  space. STEP i s  con f igu red  t o  accommodate a broad range o f  
exper imenta l  o b j e c t i v e s  t o  study t h e  e f f e c t s  o f  m ic rog rav i t y ,  wide thermal  excursion, and absence o f  
atmospheric damping which a re  c h a r a c t e r i s t i c  o f  t he  space environment. STEP, as a reusab le  payload 
suppor t  system and standard o r b i t e r  i n t e r f a c e ,  w i l l  p r o v i d e  a c o s t - e f f e c t i v e  means f o r  r o u t i n e l y  
conduct ing  a v a r i e t y  o f  experiments on-board t h e  s h u t t l e .  

The long- dura t ion  exposure f a c i l i t y  awa i t s  r e t r i e v a l  by the  s h u t t l e  and subsequent data  ana lys is .  
The i o n  a u x i l i a r y  p r o p u l s i o n  system remains i n  f l i g h t- r e a d y  s t a t u s  f o r  f l i g h t  on an A i r  Force 
s a t e l l i t e .  A conceptua l  design o f  a plume experiment was i n i t i a t e d ,  and two heat- pipe experiments, 
t h e  c a p i l l a r y  pump l o o p  and the space s t a t i o n  heat- pipe advanced r a d i a t o r  element, w i l l  complete 
f l i g h t s  i n  FY 1986. 
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CMNGES FROM FY 1986 BU)CET ESTIMATE 

The i n c r e a s e  o f  $5.5 m i l l i o n  i n  s p a c e  f l i g h t  r e s e a r c h  and technology i n c l u d e s  t h e  c o n s o l i d a t i o n  of  
fund ing  from o t h e r  r e s e a r c h  and t echno logy  b a s e  programs f o r  t h e  f o l l o w i n g  ac t iv i t ies :  c o n t r o l  of 
f l e x i b l e  structures ($0.9 m i l l i o n )  , t r a n s a t m o s p h e r i c  technology (81 .O m i l l i o n ) ,  a e r o s p a c e  
i n d u s t r y / u n i v e r s i t y  s p a c e  f l i g h t  exper iments  program ($2.0 m i l l i o n )  , and c ryogen ic  f l u i d  management 
technology ($0.1 m i l l i o n )  . I n  a d d i t i o n ,  t h e  a e r o a s s i s t  p o r t i o n  o f  t h e  OTV systems techno logy  program 
($1.5 m i l l i o n )  was t r a n s f e r r e d  t o  t h i s  r e s e a r c h  and technology b a s e  program from systems technology.  

BASIS OF FY 1987 ESTIMATE 

A new f o c u s  i n  FY 1987 is  t h e  expansion o f  t h e  f l i g h t  exper iments  program s u p p o r t i n g  b a s e  r e s e a r c h  
and technology a c t i v i t i e s .  T h i s  w i l l  be  accompl ished by a d i r e c t e d  a c t i v i t y  t h a t  w i l l  ex tend f l i g h t  
exper iment  o p p o r t u n i t i e s  t o  t h e  a e r o s p a c e  and academic communities. 

S i g n i f i c a n t  a c t i v i t y  w i l l  occur  i n  t h e  o r b i t e r  exper iments  program: t h e  
aerodynamic/aerothermodynamic ins t rumented  f l i g h t  i n i t i a t e d  i n  FY 1986 w i l l  c o n t i n u e  through a s i x -  
f l i g h t  series conc lud ing  i n  approx imate ly  mid-1987; t h e  t h e r m a l  p r o t e c t i o n  system p a n e l s ,  a l s o  
i n s t a l l e d  on t h e  o r b i t e r  i n  FY 19d6, w i l l  c o n t i n u e  f l i g h t s  on o r b i t e r  v e h i c l e  102 th rough  FY 1987 and 
conc lude  i n  FY 1988; and t h e  hardware development f o r  t h e  o r b i t a l  a c c e l e r a t i o n  r e s e a r c h  exper iment  
w i l l  be i n i t i a t e d .  

The a e r o a s s i s t  f l i g h t  exper iment  w i l l  c o n t i n u e  th rough  systems d e s i g n  d e f i n i t i o n .  The hyperson ic  
technology f l i g h t  exper iment  w i l l  c o n t i n u e  r e q u i r e m e n t s  d e f i n i t i o n  and d e s i g n  a c t i v i t i e s  l e a d i n g  t o  a 
p o t e n t i a l  f l i g h t  i n  t h e  1988-1989 time frame. 

The c ryogen ic  f l u i d  management f l i g h t  exper iment ,  t h e  s p a c e  technology exper iments  p l a t f o r m ,  and t h e  
s o l i d - s t a t e  laser l i g h t  d e t e c t i o n  and r a n g i n g  in- space technology exper iment  w i l l  i n i t i a t e  hardware 
development i n  FY 1987 t o  p r e p a r e  f o r  fu tu re  f l i g h t  d a t e s .  The plume survey  exper iment  w i l l  complete  
p r e l i m i n a r y  d e s i g n  i n  p r e p a r a t i o n  f o r  hardware development l e a d i n g  t o  f l i g h t  i n  1990. 
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1986 1987 
1985 Budget C u r r e n t  Budget 

Systems analysis . . . . . .  ........ ........ 
Actual Estimate Estimate Estimate 

(Thousands o f  bollars> 

6,788 6,600 6,800 6 ,100 

OBJECTIVES AND STATUS 

The o b j e c t i v e s  o f  t h e  systems a n a l y s i s  program are to: (1) conduct  systems a n a l y s e s  t o  i d e n t i f y  
technology requ i rements  f o r  s p a c e c r a f t  systems, s p a c e  t r a n s p o r t a t i o n  systems, and l a r g e  s p a c e  systems 
f o r  t h e  n a t i o n a l  space  program; ( 2 )  i n t e g r a t e  t h e s e  r e q u i r e m e n t s  i n t o  a comprehensive technology 
p l a n ;  and ( 3 )  p r o v i d e  d a t a  t o  e s t a b l i s h  t h e  a b i l i t y  t o  deve lop  t h e s e  t e c h n o l o g i e s  i n  a t i m e l y  
manner. Close  c o o r d i n a t i o n  wi th  NASA f l i g h t  program o f f i c e s  and o t h e r  users is main ta ined  t o  e n s u r e  
p roper  p r i o r i t i z a t i o n  o f  e n a b l i n g  high- leverage t e c h n o l o g i e s .  

S p a c e c r a f t  systems are s u b d i v i d e d  i n t o  p l a n e t a r y  systems, communications,  e a r t h  s c i e n c e s ,  and 
astronomy a p p l i c a t i o n s .  I n  FY 1986, t h e  p l a n e t a r y  systems a n a l y s i s  h a s  focused on t echno logy  needs  
f o r  h igh  p r i o r i t y  miss ions ,  w i t h  c o n t i n u e d  emphasis on comet and p l a n e t a r y  sample r e t u r n  miss ions .  I n  
communications,  t h e  emphasis is t o  i d e n t i f y ,  assess, and p r i o r i t i z e  h igh- leverage  e n a b l i n g  and 
enhancing t e c h n o l o g i e s .  These s t u d i e s  show t h a t  a c o n c e r t e d  t echno logy  program cou ld  p o t e n t i a l l y  
double  payload f r a c t i o n s ,  t h e r e b y  i n c r e a s i n g  t h e  s p a c e c r a f t  miss ion  accomplishments and r e d u c i n g  
c o s t s .  I n  e a r t h  s c i e n c e s ,  t h e  f o c u s  is on e a r t h  o b s e r v i n g  systems (EOS) where i n t e r a c t i o n s  between 
i n s t r u m e n t s  and subsystems w i l l  be a d d r e s s e d  on an i n t e r d i s c i p l i n a r y  b a s i s  t o  achieve a t o t a l  
s p a c e c r a f t  system technology p lan .  I n  a s t r o p h y s i c s ,  a c t i v i t i e s  w i l l  i n c l u d e  t h e  d e s i g n  o f  a s u b s c a l e  
l a r g e  d e p l o y a b l e  r e f l e c t o r  o p t i c s  breadboard.  T h i s  work w i l l  be supplemented by a pre- Phase A s t u d y  
wi th  t h e  Office o f  Space S c i e n c e  and A p p l i c a t i o n s .  The O f f i c e  o f  Aeronau t i cs  and Space Technology 
c a p a b i l i t i e s  i n  l a r g e  s p a c e  s t r u c t u r e s  w i l l  be used t o  s u p p o r t  m i s s i o n s  and t echno logy  t r a d e o f f  
s t u d i e s  i n  most o f  t h e  s p a c e c r a f t  system areas under s t u d y .  

The s p a c e  t r a n s p o r t a t i o n  systems a n a l y s e s  are focused i n  t h r e e  areas: advanced e a r t h- t o- o r b i t  
v e h i c l e s  (ET01 , a e r o a s s i s t  o r b i t a l  t r a n s f e r  v e h i c l e s  (AOTV) , and advanced space  t r a n s p o r t a t i o n  systems 
c o n c e p t u a l  d e s i g n  and a n a l y s i s  methods. The ET0 area i n c l u d e s  t h e  t echno logy  t o  s u p p o r t  r ep lacement  
s h u t t l e  ( S h u t t l e  I I ) ,  t h e  a h e a v y- l i f t  l aunch  v e h i c l e  and very  advanced (post- 2010) f u t u r e  s p a c e  
t r a n s p o r t a t i o n  systems. The FY 1966 ET0 s t u d i e s / a n a l y s e s  are focused  on S h u t t l e  I1 and 
t h e  impact  o f  liquid-oxygen/hydrocarbon (LOX/HC) e n g i n e s  on r e u s a b l e  ET0 c o n f i g u r a t i o n s .  The FY 
1986 ET0 s t u d i e s  a l s o  i n c l u d e  t h e  d e f i n i t i o n  o f  n o n i n t r u s i v e  i n s t r u m e n t a t i o n  and measurements 
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a p p l i c a b l e  across t he  speed range d u r i n g  ascent  and e n t r y  o f  an ET0 veh ic le .  S h u t t l e  I1 e f f o r t s  w i l l  
i d e n t i f y  and p r i o r i t i z e  enab l ing  and h igh- leverage techno log ies  r e q u i r e d  f o r  a t r a n s p o r t a t i o n  v e h i c l e  
t h a t  operates between e a r t h  and t he  space s t a t i o n  f o r  l o g i s t i c s ,  crew change-out, up and down payloads 
and, i n  some cases, p l a t f o rm  and s a t e l l i t e  se rv i c i ng .  This v e h i c l e  w i l l  be c o n s i s t e n t  w i th  t h e  
n a t i o n a l  space t r a n s p o r t a t i o n  a r c h i t e c t u r e .  The LOX/HC eng ines /veh ic le  i n t e g r a t i o n  and des ign s t u d i e s  
are be ing  used t o  assess t h e  impact on reusab le  t r a n s p o r t a t i o n  v e h i c l e  performance and cost .  The use 
o f  LOX/HC engines, which r e q u i r e  very  h igh- dens i ty  p r o p e l l a n t s  and thus s i g n i f i c a n t l y  sma l l e r  
p r o p e l l a n t  tanks, has t he  p o t e n t i a l  f o r  l a r g e  reduc t i ons  i n  d ry  weight  and l a r g e  r e d u c t i o n s  i n  c o s t  
pe r  pound o f  payload t o  o r b i t .  AOTV technology and environment s t u d i e s  a re  c o n t i n u i n g  i n  FY 1986 b u t  
a re  concentrated on c i s l u n a r  t r a n s p o r t a t i o n  systems -- i n  p a r t i c u l a r ,  on t h e  i d e n t i f i c a t i o n  o f  t h e  
c l a s s  or  c lasses  o f  AOTV 's  t h a t  w i l l  be r e q u i r e d  t o  operate between l u n a r  o r b i t  and low e a r t h  o r b i t  
(LEO). The a p p l i c a t i o n  o f  ae roass i s t  b rak ing  t o  t h e  O T V  on r e t u r n  t o  LEO has t he  p o t e n t i a l  f o r  a 50- 
percen t  r e d u c t i o n  i n  p r o p e l l a n t  requi rements and c o s t  and a corresponding inc rease  i n  pay load t o  
o r b i t .  These s t u d i e s  a re  c o n s i s t e n t  with t he  renewed i n t e r e s t  i n  l u n a r  and p l a n e t a r y  c o l o n i z a t i o n  and 
mining. F i n a l l y ,  conceptual  des ign and a n a l y s i s  methods a r e  needed t o  conduct r e q u i r e d  t r a d e  s t u d i e s  
i n  a most e f f i c i e n t  and c o s t - e f f e c t i v e  manner. This i n v o l v e s  t h e  update and development o f  t h e  
necessary a n a l y t i c a l  and numer ica l  t o o l s  i n c l u d i n g  t he  computer-aided eng ineer ing  so f tware  and t he  
technology and c o s t  da ta  base. 

I n  t he  area o f  l a r g e  space systems, b o t h  manned and unmanned, t h e  a n a l y s i s  program i s  undergoing a 
t r a n s i t i o n  i n  focus from technology f o r  I O C  space s t a t i o n  t o  technology fo r  e v o l u t i o n a r y  growth 
c o n f i g u r a t i o n s  i n  the  l a t e  1990 's  and beyond. A d d i t i o n a l l y ,  a n a l y s i s  a c t i v i t i e s  have been s t a r t e d  t o  
i d e n t i f y  in- space research  and technology programs which would u t i l i z e  t h e  space s t a t i o n  as a research  
f a c i l i t y  i n  space, and t o  beg in  i d e n t i f y i n g  technology requi rements f o r  a manned geosynchronous 
p la t f o rm ,  a manned l u n a r  base, and a manned Mars exped i t ion .  

I n  FY 1986, t h e r e  a re  t h r e e  s p e c i f i c  a c t i v i t y  areas i n  t h e  l a r g e  space systems a n a l y s i s  program: (1) 
systems a n a l y s i s  methods; ( 2 )  f u t u r e  space s t a t i o n s  i n c l u d i n g  t h e  evo lu t i ona ry  growth space s t a t i o n  i n  
low e a r t h  o r b i t ,  a manned geosynchronous p la t f o rm ,  a manned l u n a r  base, and a manned Mars miss ion;  and 
(3)  in- space research, technology, and eng ineer ing  program planning. The o b j e c t i v e  o f  t h e  systems 
a n a l y s i s  methods i s  t o  ma in ta i n  development o f  advanced a n a l y t i c  s imu la t ion /emula t ion  computer-based 
c a p a b i l i t i e s  f o r  de te rmin ing  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  l a r g e  space systems, p r e d i c t i n g  
nominal  and worst-case f a i l u r e  modes, and i d e n t i f y i n g  c r i t i c a l  system/subsystem i n t e r f a c e s .  The 
o b j e c t i v e  o f  t he  second a c t i v i t y  area, f u t u r e  space s t a t i o n s ,  i s  t o  address m iss ion  and system 
requi rements t o  i d e n t i f y  assoc ia ted  technology needs and trends. S p e c i f i c a l l y ,  e f f o r t s  w i l l  c on t i nue  
f o r  develop ing gener ic  space system models t o  pe rm i t  t he  conduct o f  s e n s i t i v i t y  t r ades  f o r  l a r g e  in-  
space systems. 
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A d d i t i o n a l  tasks  w i l l  i n v e s t i g a t e  technology needs f o r  such a c t i v i t i e s  as c o n s t r u c t i o n  o f  l u n a r  
s t r uc tu res ,  p r o p e l l a n t  and oxygen p roduc t i on  from l u n a r  ox ides and M a r t i a n  permafrost  and atmosphere, 
food p roduc t i on  f o r  l u n a r  and M a r t i a n  miss ions,  and i n - f l i g h t  t r a i n i n g  f o r  l ong- du ra t i on  
i n t e r p l a n e t a r y  missions. The a c t i v i t i e s  i n  the  t h i r d  area a re  assoc ia ted  with develop ing a t e c h n i c a l  
b a s i s  f o r  conduc t ing  in-space research, technology, and eng ineer ing  exper iments u s i n g  t h e  space 
s t a t i o n  as a l a b o r a t o r y  f a c i l i t y .  Three areas a r e  be ing  i n v e s t i g a t e d  f o r  p o t e n t i a l  in- space 
exper iment programs: f l u i d  behavior,, space environment, and s t r u c t u r a l  dynamics and c o n t r o l .  

CHANGES FRM FY 1986 BIDGET ESTIMATE 

The inc rease  o f  $0.2 m i l l i o n  i n  systems a n a l y s i s  r e f l e c t s  an i n t e r n a l  research and technology base 
rea l ignment  t o  p rov ide  f o r  a d d i t i o n a l  s tudy e f f o r t s .  

BASIS OF FY 1987 BUOGET ESTIMATE 

I n  spacecra f t  systems, t he  a n a l y s i s  e f f o r t  has i d e n t i f i e d  techno log ies  t h a t  w i l l  be needed t o  
suppor t  t h e  spacecra f t  technology d r i v e r  missions. E f f o r t s  w i l l  con t i nue  t o  b u i l d  upon these i n i t i a l  
r e s u l t s  by conduc t ing  d e t a i l e d  fo l low- up t o  t he  1985 l a r g e  deployable r e f l e c t o r  (LOR) workshop; 
ana lyz ing  l a r g e  space s t r u c t u r e s  with focus on LDR and improv ing  mob i le  communication s a t e l l i t e  
( termed MSAT)  c a p a b i l i t y ;  a s s i m i l a t i n g  t h e  EOS technology workshop r e s u l t s  and i s s u i n g  a comprehensive 
technology p lan;  and conduc t ing  m iss ion  a n a l y s i s  and system technology s t u d i e s  on p l a n e t a r y  and sample 
r e t u r n  missions. 

The t r a n s p o r t a t i o n  systems a n a l y s i s  e f f o r t  i n  FY 1987 w i l l  con t inue  t h e  d e f i n i t i o n  o f  key areas f o r  
technology growth i n  o r b i t a l  t r a n s f e r  v e h i c l e s  and advanced systems f o r  d e l i v e r y  o f  payloads t o  low 
e a r t h  o r b i t .  The analyses w i l l  focus on concepts and technology requi rements f o r  a l u n a r  o r b i t a l  
t r a n s f e r  veh i c l e ,  a h e a v y - l i f t  l aunch  veh ic le ,  and t h e  replacement s h u t t l e .  The con t inued  development 
o f  des ign and a n a l y s i s  t o o l s  and the  technology base f o r  advanced t r a n s p o r t a t i o n  v e h i c l e s  w i l l  enable 
t h e  development o f  economical space systems i n  the  f u tu re .  

I n  l a r g e  space systems, with the  p l ann ing  and d e f i n i t i o n  a c t i v i t i e s  assoc ia ted  w i th  t h e  e a r l y  
space s t a t i o n  nea r i ng  a p o i n t  i n  t ime when a p p l i c a b l e  technology w i l l  be basel ined,  t h e  systems 
a n a l y s i s  program w i l l  be re focused  t o  address t h e  needs and o p p o r t u n i t i e s  o f  a broader menu o f  space 
systems i n c l u d i n g  l a r g e  antennas, unmanned p la t fo rms,  and e v o l u t i o n a r y  space s t a t i o n s .  The p r imary  
i n t e n t  o f  t h e  extended pe rspec t i ve  i s  t o  ensure t h a t  t he  research  and technology base program i s  
s t r u c t u r e d  t o  suppor t  t he  needs o f  these miss ions  as they a re  be ing  p r o j e c t e d  f o r  t h e  turn o f  t h e  
century .  A d d i t i o n a l l y ,  t he  FY 1987 program w i l l  con t inue  t o  expand t h e  e f f o r t s  s t a r t e d  i n  FY 1986 t o  
i n c l u d e  p lann ing  f o r  us i ng  the  space s t a t i o n  as a f a c i l i t y  i n  space f o r  technology development. 
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BASfS BF 1987 FUNDING REQUIREMENTS 

SYSTEMS TECHNOLOGY PROGRAMS 

1986 
1985 Budget Cur ren t  

A c t u a l  Es t imate  Es t imate  
(Thousands o f  Dollars) 

Chemical p ropu l s i on  systems 
technology .......................... 2,lUC) 5,800 5,800 

Space f l i g h t  systems technology....... 6,642 6,200 6,200 
C o n t r o l  of f l e x i b l e  s t r u c t u r e s  

f l i g h t  experiment. .................. --- 5,000 5,000 
O r b i t a l  t r a n s f e r  v e h i c l e  techno log ies  --- 3,000 --- 
Automation and r o b o t i c s  technology.... --- --- 1c1,200 

Total............................... 8,742 20,000 27,200 

1987 
Budget 

Es t imate  

8,100 --- 
11,300 

18, Uci0 

37,400 
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1986 19&7 
1985 Budqet Cur ren t  Budget 

A c t u a l  Es t imate  Es t imate  Es t imate  
c m d s  o f  

Chemical p r o p u l s i o n  systems technology 
Advanced e a r t h- t o- o r b i t  systems 

technology... ..................... 2,lCiD 5,8[JO 5,800 b , 100 
OBJECTIWES AND STATUS 

The o b j e c t i v e s  o f  t h e  advanced e a r t h- t o- o r b i t  systems technology program a r e  t o  v a l i d a t e  
techno log ies  be ing  developed fo r  advanced high-performance reusab le  engines by u t i l i z i n g  a t es tbed  
engine assembled from e x i s t i n g  space s h u t t l e  main engine hardware f o r  the  purpose of p r o v i d i n g  
exper imenta l  da ta  t o  v a l i d a t e  a n a l y t i c a l  models and t o  eva lua te  advanced component concepts emanating 
from the  p r o p u l s i o n  research  and technology base program. Ex tens ive  i n s t r u m e n t a t i o n  w i l l  be i n s t a l l e d  
on t he  f i r s t  engine assembly i n  o rder  t o  expe r imen ta l l y  e s t a b l i s h  a da ta  base which cha rac te r i zes  t h e  
i n t e r n a l  dynamic environment o f  these types o f  engines. Research q u a l i t y  i n s t r u m e n t a t i o n  capable o f  
accu ra te l y  measuring b o t h  t r a n s i e n t  and s teady- s ta te  pressures, temperatures, f l ow  ra tes ,  s t r esses  and 
s t r a i n s  i s  be ing  p rov ided  as i t  becomes a v a i l a b l e  from the  research and technology base program. The 
da ta  ' w i l l  be used t o  v a l i d a t e  computer codes t h a t  have been developed t o  s imu la te  these  dynamic 
environments and t h e i r  e f f ec t  on ope ra t i ng  components. I n  l a t e r  engine assemblies, advanced 
technology components designed f o r  extended l i f e  and/or h igher  performance w i l l  be eva lua ted  under 
engine system ope ra t i ng  cond i t ions .  Advanced t u r b i n e  b lade  m a t e r i a l s  and coat ings,  damping seals,  and 
advanced l onge r  l i f e  bea r i ng  des igns t h a t  have been evaluated i n i t i a l l y  i n  r i g  t e s t i n g  under t h e  
research  and technology base program a re  examples o f  some o f  t h e  e a r l i e r  advanced component hardware 
t h a t  w i l l  be i n s t a l l e d  i n  the  engine f o r  t es tbed  v e r i f i c a t i o n  t e s t i n g .  I n  a d d i t i o n ,  advanced sensors 
be ing  developed and eva lua ted  i n  t e s t  r i g s  under the  research  and technology base program f o r  
mon i t o r i ng  t he  wear o f  h i g h  wear r a t e  components w i l l  a l s o  be i n s t a l l e d  i n  engine components f o r  
system l e v e l  t e s t  eva lua t ion .  These e f f o r t s  w i l l  l e a d  t o  t he  even tua l  assembly and t e s t  o f  a complete 
engine c o n d i t i o n  mon i t o r i ng  system. 

The t es tbed  engine p rov ides  t h e  lowes t  r i s k  p a t h  f o r  v e r i f y i n g  t h e  behav io r  o f  improvements from t h e  
research  and technology base program. Many p romis ing  p roduc ts  a re  emerging from t h e  base program t h a t  
w i l l  be ready f o r  t es tbed  engine t e s t i n g  i n  t h e  FY 1988-1990 t ime  frame. The t es tbed  engine program 
w i l l  p rov ide  t he  exper imenta l  t o o l s  needed t o  eva lua te  l onge r  term, h i ghe r  r i s k  technology i t ems  t h a t  
w i l l  l a y  t he  foundat ion  f o r  advanced high-performance reusab le  engines e s s e n t i a l  f o r  t he  suppor t  o f  
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n a t i o n a l  t r a n s p o r t a t i o n  needs be ing  i d e n t i f i e d  i n  c u r r e n t  n a t i o n a l  s e c u r i t y  d i r e c t i v e  s tud ies.  The 
Of f i ce  of Aeronaut ics  and Space Technology p o r t i o n  o f  t h i s  program funds t he  analyses, des ign and 
f a b r i c a t i o n  o f  advanced technology components t h a t  have been i a e n t i f i e d  as ready and needed f o r  
t es tbed  eva lua t ion .  The O f f i c e  o f  Space F l i g h t  funds are  used t o  acqu i re  engine component hardware, 
t o  i n s t a l l  advanced technology i t ems  i n  t he  component hardware, t o  assemble t he  testbed, and t o  
conduct t e s t  operat ions.  

The des ign and f a b r i c a t i o n  o f  research  i n s t r u m e n t a t i o n  and advanced technology components a r e  
scheduled t o  be compat ib le  with t he  a v a i l a b i l i t y  o f  t h e  SI-C t e s t  s tand a t  the  M a r s h a l l  Space F l i g h t  
Center and engine hardware be ing  acqu i red  by t he  O f f i c e  o f  Space F l i g h t  f o r  t e s t i n g  s t a r t i n g  i n  FY 
1988. 

BASIS OF FY 1987 ESTIMATE 

The des ign and f a b r i c a t i o n  of  research  i n s t r u m e n t a t i o n  t o  be i n s t a l l e d  on the  i n i t i a l  i ns t rumented  
engine i n c l u d e s  high- response pressure and temperature sensors and nonmoving p a r t s  cryogenic  f l o w  
meters. Advanced technology i tems be ing  designed and f ab r i ca ted  f o r  i n s t a l l a t i o n  i n  l a t e r  engine 
b u i l d s  i n c l u d e  f i b e r- o p t i c  de f lec tometer  bearing-wear sensors, t u r b i n e  temperature sensors based on 
f i b e r - o p t i c  pyrometer concepts, advanced s i n g l e - c r y s t a l  t u r b i n e  blades, thermal  b a r r i e r  coated t u r b i n e  
blades, advanced damping s e a l  con f i gu ra t i ons ,  and l onge r  l i f e  bea r i ng  designs. 
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1986 1987 
1985 Budget Cur ren t  Budget 

A c t u a l  Es t imate  Es t imate  Es t imate  
TThousands o f  

Space f l i g h t  systems technology 
Space f l i g h t  experiments.. .......... 5,342 6,200 6,201) 
Long d u r a t i o n  exposure fac i l i ty . . . . ;  
I o n  a u x i l i a r y  p r o p u l s i o n  system ..... --e --- 7 00 

600 --- --- 
Total............................... 6,642 6,200 6,2UU 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  the space f l i g h t  systems technology program i s  t o  conduct research  i n  space, 
c a p i t a l i z i n g  on t h e  use o f  t h e  space s h u t t l e ,  spacelab, and f r e e - f l y i n g  veh i c l es  where i t  i s  
imposs ib le  o r  t o o  c o s t l y  t o  s imu la te  the  space environment i n  ground l a b o r a t o r i e s .  The space 
environment un ique ly  p rov ides  long- term zero  g r a v i t y  and t h e  combinat ion o f  space vacuum and space 
r a d i a t i o n  environments necessary t o  t he  development and c h a r a c t e r i z a t i o n  o f  many techno log ies  
impo r tan t  t o  f u t u r e  space systems. This program encompasses t h e  design, development, and f l i g h t  t e s t  
o f  exper iments and the  development o f  s p e c i a l  purpose, reusable,  f l i g h t  research  f a c i l i t i e s  f o r  use i n  
space. Beginn ing i n  FY 1987, in- space exper iments and t h e  space technology exper iments p l a t f o r m  w i l l  
be budgeted within the  research  and technology base. Also, beg inn ing  i n  FY 1987, f l i g h t  exper iments 
conducted f o r  t he  c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  i n  space w i l l  be budgeted within t h e  c o n t r o l  of 
f l e x i b l e  s t r u c t u r e s  f l i g h t  exper iment systems technology program. 
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1986 1987 
Budqet Cur ren t  Budget 1985 

A c t u a l  Es t imate  Es t i m a t e  Es t imate  
(Thousa;;ds o f  D m  

C o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  f l i g h t  
experiment................. ......... --- 5,0rJO 5, OOb 11,300 

BBXCTIVES AND STATUS 

The o b j e c t i v e  o f  t he  c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  (COFS) program i s  t o  p rov ide  exper imenta l  
v a l i d a t i o n  of  a n a l y t i c a l  methods f o r  p r e d i c t i n g  coupled s t r u c t u r a l  dynamics and c o n t r o l s  response f o r  
complex mu l t ibody  space s t r u c t u r e s  with f l e x i b l e  components, i n t e r f a c e s ,  and d i s s i p a t i v e  mechanisms. 
As t h e  agency i n i t i a t e s  p l ann ing  and implementat ion f o r  l a r g e  space systems (space 
s t a t i o n / p l a t  forms/antennas) , t h e r e  a re  bas i c  unknowns i n  t h e  areas o f  s t r u c t u r a l  dynamics, c o n t r o l s ,  
s t r u c t u r a l  i n t e r a c t i o n ,  s t r u c t u r a l  performance, and deployment dynamics which must be reso l ved  i n  
o rder  to.  develop t h i s  new c l a s s  o f  spacec ra f t  with t h e  assurance o f  meet ing sa fe ty ,  performance, and 
cos t  goals. The s i z e  and f l e x i b i l i t y  o f  these systems r e q u i r e  a ground research program, i n c l u d i n g  
a n a l y s i s  and t e s t  methods, and a space-based experiment a c t i v i t y  address ing the  key technology 
unknowns through graduated t e s t i n g  o f  f l e x i b l e  elements o f  l a r g e  space s t ruc tu res .  This program w i l l  
p r o v i d e  a v a l i d a t e d  technology da ta  base t h a t  w i l l  enable these n e x t  genera t ions  o f  l a r g e  f l e x i b l e  
spacec ra f t  t o  be developed. The research  da ta  base w i l l  a l l o w  t h e  des ign and development of  
i n t e g r a t e d  complex c o n t r o l  systems and s t r u c t u r a l  c o n f i g u r a t i o n s  f o r  d i f f i c u l t  advanced m iss ion  goa ls  
t o  be achieved. 

I n  o rde r  t o  meet t he  requi rements o f  t h e  c o n t r o l  o f  f l e x i b l e  s t r u c t u r e s  program, a comprehensive 
research a c t i v i t y  which i nc l udes  a n a l y t i c a l  methods development, ground-based t e s t i n g ,  and in- space 
exper iments was i n i t i a t e d  i n  1985 t o  p rov ide  a focus f o r  c o n t r o l  s t r u c t u r e s  i n t e r a c t i v e  technology. 

The space s h u t t l e  p rov ides  t h e  o p p o r t u n i t y  t o  t e s t  and v a l i d a t e  i n  space t h e  dynamics, c o n t r o l s ,  
s t r u c t u r a l  concepts, t heo r i es ,  and system components r e q u i r e d  by f u t u r e  l a r g e  space s t r u c t u r e s  
missions. An in- space exper iment program i s  planned b u i l d i n g  p r o g r e s s i v e l y  from model ing and dynamic 
c h a r a c t e r i z a t i o n  o f  l a r g e  space s t r u c t u r e s  t o  more complex f lex ib le- body  i n t e r a c t i v e  
c o n t r o l s / s t r u c t u r e  issues. The approach p rov ides  f o r  s t r u c t u r a l  dynamic f u n c t i o n a l  complex i t y  i n  a 
b a s e l i n e  c o n f i g u r a t i o n ,  through t h e  des ign o f  a gener ic  f l i g h t  t e s t  a r t i c l e  t h a t  addresses fundamental 
l a r g e  space systems (LSS) d i s c i p l i n e  issues. These c r i t i c a l  i s sues  w i l l  i n c l u d e  f l e x i b l e  s t r u c t u r a l  
c o n f i g u r a t i o n s  t h a t  have fundamental f requenc ies  below one he r t z ,  complex non l i nea r  j o i n t  
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ef fects ,  s t r u c t u r a l  dynamic/cont ro l  systems i n t e r a c t i o n s ,  and i n h e r e n t  low s t r u c t u r a l  damping 
e f f e c t s .  This model can be t a i l o r e d  t o  v a l i d a t e  d i s c i p l i n e  research  o b j e c t i v e s  address ing t h e  major 
concerns o f  LSS spacecra f t ,  independent of  any s p e c i f i c  c o n f i g u r a t i o n s  u l t i m a t e l y  chosen f o r  new 
missions. 

The f i r s t  f l i g h t  a r t i c l e ,  COFS I, i s  a l a r g e  (60-meter) deployable/stowable truss-beam s t r u c t u r e  
( termed mast) which w i l l  be f l own  i n  space c a n t i l e v e r e d  from t h e  o r b i t e r .  Ac tua to r s  and 
i n s t r u m e n t a t i o n  necessary f o r  e x c i t a t i o n ,  measurement, and c o n t r o l  o f  t h e  low- frequency modes o f  mast 
a re  an i n t e g r a l  p a r t  o f  t h e  mast f l i g h t  experiment. The mast t e s t  a r t i c l e  w i l l  be mounted on t h e  
space technology exper iments p l a t f o rm ,  i n t e g r a t e d  wi th  t h e  o r b i t e r ,  and t r anspo r ted  t o  space. 
S p e c i f i c  o b j e c t i v e s  o f  t he  COFS I f l i g h t  exper iment a re  t o  determine t h e  degree t o  which a n a l y t i c a l  
methodology and ground t e s t i n g  can p r e d i c t  f l i g h t  performance o f  next- generat ion,  low- frequency 
s t r u c t u r e s ;  eva lua te  mathemat ica l  model ing of  l a rge ,  l i g h t w e i g h t ,  complex systems; eva lua te  
c o n t r o l / s t r u c t u r e  i n t e r a c t i o n s ;  eva lua te  sensor/measurement techniques a p p l i c a b l e  t o  low- frequency 
systems with low mo t i on /de f l ec t i on  to le rances ;  eva lua te  deployment k i nema t i cs  i n  zero g r a v i t y  ( g )  
versus one 9; eva lua te  damping e f f e c t s  i n  zero 9; and eva lua te  LSS c o n t r o l  laws and c o n t r o l  
mechanizations. 

The second f l i g h t  a r t i c l e ,  COFS 11 ,  w i l l  i n c o r p o r a t e  g imbals  and an antenna- l ike appenaage t o  t he  
COFS I mast hardware and w i l l  p rov ide  t h e  o p p o r t u n i t y  t o  s tudy t h e  more complex s t r u c t u r a l  dynamics 
and c o n t r o l  c h a r a c t e r i s t i c s  o f  l a rge ,  f l e x i b l e ,  three- dimensional  spacecra f t  con f i gu ra t i ons .  
Technology needs t h a t  w i l l  be addressed by COFS I1 i n c l u d e  maneuver c o n t r o l ,  a r t i c u l a t i o n ,  p r i n t i n g ,  
shape c o n t r o l ,  a l ignment,  systems i d e n t i f i c a t i o n ,  deployment dynamics, and adapt i ve  con t ro l s .  

A t h i r d  a c t i v i t y ,  COFS 111, w i l l  be focused on t h e  v a l i d a t i o n  o f  c o n t r o l - s t r u c t u r e  i n t e r a c t i v e  
a n a l y s i s  and des ign methodologies f o r  mu l t ibody  spacecra f t .  Scale model i n v e s t i g a t i o n s  w i l l  be 
conducted on f u t u r e  l a r g e  space p l a t f o r m s  t o  determine model ing s e n s i t i v i t i e s ,  v i b r a t i o n  suppress ion 
techniques, app rop r i a te  ground t e s t  methods, and c a p a b i l i t i e s .  

I n  FY 1986, f a b r i c a t i o n  o f  t h e  COFS I f l i g h t  a r t i c l e  w i l l  be i n i t i a t e d ,  and sca le  model llmini-mast" 
t e s t i n g  w i l l  begin. I n  FY 1986, a COFS I1 p r o j e c t  p l a n  w i l l  be developed, and t he  reques t  f o r  b i d s  
f o r  t h e  COFS 11 f l i g h t  t e s t  a r t i c l e  w i l l  be developed. A lso  i n  FY 1986; a COFS 111 p r o j e c t  p l a n  w i l l  
be developed t o  suppor t  fundamental research  and technology development i n  mu l t ibody  dynamics and 
c o n t r o l .  
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BASIS OF FY 1987 ESTIHATE 

Ground-based experiments i n i t i a t e d  e a r l i e r  w i l l  be con t inued  i n  FY 1987 t o  accu ra te l y  
charac te r i ze /syn thes ize  t h e  dynamic behavior  o f  t h e  s t r u c t u r e  and t o  develop c o n t r o l  laws and methods 
t o  c o n t r o l  i t s  c o n f i g u r a t i o n  and motion. A d d i t i o n a l  a n a l y s i s  and ground-based experiments w i l l  focus 
on expanding t h e  newly developed technology f o r  a p p l i c a t i o n  t o  more complex mu l t ibody  and th ree-  
dimensional  s t r uc tu res .  The p r e l i m i n a r y  des ign rev iew and t he  c r i t i c a l  des ign rev iew o f  t h e  mast 
f l i g h t  t e s t  a r t i c l e  w i l l  be completed i n  FY 1986. F l i g h t  t e s t  a r t i c l e  d e l i v e r y  w i l l  occur a t  t h e  
end o f  FY 1968. The c h a r a c t e r i s t i c s  o f  t he  mast truss-beam f l i g h t  t e s t  a r t i c l e  w i l l  be de f i ned  
through i n i t i a t i o n  o f  a mathemat ica l  model t o  be v a l i d a t e d  l a t e r  i n  t h e  ground-based and t hen  
space t e s t  program beg inn ing  i n  FY 1989. I n  FY 1987, a COFS I1 program p l a n  w i l l  con t inue  wi th  
f l i g h t  a r t i c l e  d e f i n i t i o n .  P lann ing  f o r  COFS I1 w i l l  beg in  with d e f i n i t i o n  o f  a gener ic  c o n f i g u r a t i o n  
f o r  an antenna- l ike s t r u c t u r e  and a r e l a t e d  ground t e s t  program p lan.  I n  FY 1967, t h e  f a b r i c a t i o n  and 
t e s t i n g  o f  sca le  models o f  l a r g e  mu l t ibody  spacec ra f t  w i l l  be i n i t i a t e d .  
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1986 1987 
1985  Budqet  C u r r e n t  Budget  

Estimate A c t u a l  E s t  i k a t e  E s t i m a t e  I 
(Thousands of  - D o l l a r s )  

I- 

O r b i t a l  t r a n s f e r  v e h i c l e  t e c h n o 1  ies 
A e r o a s s i s t  t e c h n o l o g y  ............... --- 1,500 

--- 1 500 ............... A- P r o p u l s i o n  t e c h n o l o g y  ~ 

T o t a l  ............................... 3,000 --- 

CHANGES FROM FY 1986 BUDGET ESTIMATE 

The d e c r e a s e  o f  $3.0 m i l l i o n  i n  O T V  t e c h n o l o g i e s  r e f l e c t s  t h e  t r a n s f e r  o f  t h e  a e r o a s s i s t  p o r t i o n  o f  
t h e  program t o  s p a c e  f l i g h t  r e s e a r c h  and t e c h n o l o g y  and t h e  t r a n s f e r  o f  t h e  p r o p u l s i o n  t e c h n o l o g y  
p o r t i o n  t o  p r o p u l s i o n  r e s e a r c h  and t e c h n o l o g y  w i t h i n  t h e  r e s e a r c h  and t e c h n o l o g y  b a s e .  
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1986 1987 
Cur ren t  Budget 1985 Budqet 

Automation and r o b o t i c s  

OBJECTIVES AH) STATUS 

The o b j e c t i v e  o f  t he  
a r t i f i c i a l  i n t e l l i g e n c e  

A c t u a l  Es t imate  E s t  imate Es t imate  
(Thousands o f  D m  

technology.. . . (e ,  200) (10,200) 10  ,200 18, uocl 

automat ion and r o b o t i c s  technology program i s  t o  e x p l o i t  t he  p o t e n t i a l  o f  
and o f  t e l e r o b o t i c s  t o  decrease t h e  c o s t  o f  ground c o n t r o l  and t o  inc rease  t h e  

c a p a b i l i t y  and f l e x i b i l i t y  o f  space operat ions.  A r t i f i c i a l  i n t e l l i g e n c e  w i l l  De used t o  reduce 
t he  s i z e  of  ground c o n t r o l  and opera t ions ,  and t e l e r o b o t i c s  w i l l  be used t o  enable inc reased  
c a p a b i l i t y  i n  space se rv i c i ng ,  assembly, and r e p a i r .  The goa ls  o f  t h e  program a re  t o  decrease m iss ion  
ope ra t i ons  manpower by 60 percent;  r ep lace  50 percen t  o f  e x t r a v e h i c u l a r  a c t i v i t y  (EVA) with 
t e l e r o b o t i c s ;  and enable remote se rv i c i ng ,  
assembly, and r e p a i r .  

The program focuses on system autonomy and t e l e r o b o t i c s .  The o b j e c t i v e  o f  t he  systems autonomy 
e f f o r t  i s  t o  develop a gener ic  s e t  of  so f tware  t o o l s  f o r  t h e  des ign o f  expe r t  systems f o r  i n c r e a s i n g  
automat ic  and i n t e l l i g e n t  c o n t r o l  o f  complex dynamic space systems. The o b j e c t i v e s  o f  t h e  
t e l e r o b o t i c s  focus are t o  evo lve t h e  l e v e l  o f  autonomy o f  remote ope ra t i ons  from t e l e o p e r a t i o n  t o  
r o b o t i c s  and t o  inc rease  t he  o p e r a t i o n a l  c a p a b i l i t y  o f  remote man ipu la t i on  from i t s  c u r r e n t  s t a t e  as a 
crane on t he  s h u t t l e  o r b i t e r  t o  t h e  c a p a b i l i t y  f o r  o n- o r b i t  assembly, s e r v i c i n g  and r e p a i r ,  and f o r  
p l a n e t a r y  exp lo ra t i on .  

I n t e g r a t i o n  o f  advancing techno log ies  i n  each area, systems autonomy and t e l e r o b o t i c s ,  i s  descr ibed  
by a sequence of  e v o l u t i o n a r y  ground demonstrat ions scheduled f rom 1987 t o  1996. I n  systems autonomy, 
t h e  i n i t i a l  demonstrat ion (19138) i s  o f  a rule- based expe r t  system f o r  c o n t r o l  o f  a s ing le- miss ion  
ope ra t i ons  subsystem i n  which reasoning i s  l i m i t e d  t o  s tandard procedures and knowledge o f  t he  t ask  
wo r l d  i s  complete and unambiguous. The second demonstrat ion (1990) w i l l  be o f  a model-based expe r t  
system fo r  coord ina ted  c o n t r o l  o f  m u l t i p l e  subsystems, and i t  w i l l  be capable o f  reasoning about 
nonstandard procedures and o f  d i agnos i s  o f  a n t i c i p a t e d  f a i l u r e s .  The t h i r d  demonstrat ion (1993) w i l l  
be of  h i e r a r c h i c a l  c o n t r o l  o f  m u l t i p l e  subsystems and w i l l  be capable o f  reasoning about emergency 
procedures, p l ann ing  under unce r ta i n t y ,  and recovery from u n a n t i c i p a t e d  f a i l u r e s .  The 1996 
demonstrat ion w i l l  c o n s i s t  o f  d i s t r i b u t e d  c o n t r o l  o f  m u l t i p l e  subsystems and w i l l  have t h e  c a p a b i l i t y  
f o r  f a u l t  p r e d i c t i o n ,  r ea l- t ime  rep lanning,  and learn ing .  I n  t e l e r o b o t i c s ,  t he  i n i t i a l  demonstrat ion 
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(1987) w i l l  be o f  a two-armed remote man ipu la to r  f o r  s a t e l l i t e  module replacement and f l u i d  t r a n s f e r  
tasks. Autonomy w i l l  be implemented i n  terms of  preplanned sequences o f  task  p r i m i t i v e s ,  e.g., open, 
c lose,  screw in, e tc .  The second demonstrat ion (1990) w i l l  i n c l u d e  automat ic a c q u i s i t i o n  and desp in  
o f  a spacec ra f t  and s e r v i c i n g  i t  u s i n g  dexterous coopera t i ve  arms, automat ic  sequence p lann ing,  and 
autonomy a t  the  task  element l e v e l ,  e.g., remove panel. The 1993 demonst ra t ion  w i l l  comprise t a s k  
l e v e l  (e.g., r e p l a c e  module) commands, automated r e p l a n n i n g  f o r  e r r o r  cond i t i ons ,  and automated 
p lann ing  us ing  a computer- assisted des ign (CAD) data  base. The 1996 demonstrat ion w i l l  extend t o  
r e p a i r  t a s k s  i n v o l v i n g  c u t t i n g  and f a b r i c a t i o n .  

Under l y ing  bo th  sequences o f  demonstrat ions a r e  f i v e  core  technology areas: sensing and percept ion,  
c o n t r o l  execut ion,  task  p l a n n i n g  and reasoning, opera to r  i n t e r f a c e ,  and system a r c h i t e c t u r e  and 
i n t e g r a t i o n .  I n t e g r a t e d  p lans  have been developed fo r  the  demonst ra t ion  sequences, and research i s  
underway i n  t h e  f i v e  core  technology areas. Coord ina t ion  with t h e  Defense Advanced Research P r o j e c t s  
Agency (DARPA) assures leverage o f  r e l e v a n t  techno log ies  be ing  developed under t h e i r  s t r a t e g i c  
computing i n i t i a t i v e .  I n t e r c e n t e r  memoranda o f  agreement have been s igned t o  f a c i l i t a t e  t he  t r a n s f e r  
of  technology from the technology development cen te rs  t o  the  user centers .  

I n  sensing and percep t ion ,  an i n t e r m e d i a t e- l e v e l  computer v i s i o n  system c a l l e d  PIFEX (programmable 
image feature  e x t r a c t o r )  has been developed which can d e t e c t  hardware edges and v e r t i c e s .  Such a 
v i s u a l  system w i l l  be necesary t o  enable autonomous r e c o g n i t i o n  o f  o b j e c t s  from a w e l l  d e f i n e d  da ta  
base, as w e l l  as autonomous cap tu re  and despin o f  tumb l ing  s a t e l l i t e s .  I n  c o n t r o l  execut ion,  computer 
v i s i o n  and force/ torque feedback has been used t o  a u t o m a t i c a l l y  gu ide a p in t o  a c l o s e  t o l e r a n c e  h o l e  
and i n s e r t  it. Th is  i s  necessary f o r  autonomous module i n s e r t i o n  when t he  t e l e r o b o t  is o p e r a t i n g  
under c o n d i t i o n s  of  communications t ime delay. I n  opera to r  i n t e r f a c e ,  a s i x  degree-of- freedom force-  
r e f l e c t i n g  c o n t r o l l e r  has been developed. Using t h i s  technology, the  same c o n t r o l l e r  can be used with 
a number o f  d i f f e r e n t  space arms. I n  t a s k  p lann ing,  an a r t i f i c i a l  i n t e l l i g e n c e  p lanner  has been 
developed which, g i ven  a s e t  o f  goa ls  and a knowledge base o f  r e l e v a n t  ac t ions ,  can generate a 
sequence of  a c t i o n s  i n  a s a t e l l i t e ' s  payload t o  implement those goals. This c a p a b i l i t y  i s  t h e  b a s i s  
f o r  the  systems autonomy focus. Ongoing and planned work i s  t o  evo lve t h i s  i n i t i a l  autonomous 
p l a n n i n g  c a p a b i l i t y  t o  a wider s e t  o f  a p p l i c a t i o n s  with a reduced s e t  o f  c o n s t r a i n t s .  I n  system 
a r c h i t e c t u r e  and i n t e g r a t i o n ,  a j o i n t  venture  with DARPA has been i n i t i a t e d  t o  develop a spaceborne 
symbol ic  processor t o  enable o n- o r b i t  execu t ion  o f  a r t i f i c i a l  i n t e l l i g e n c e  sof tware.  

CHANGES FROM FY 19M BUDGET ESTIMATE 

The automat ion and r o b o t i c s  fund ing  p r e v i o u s l y  budgeted and managed i n  va r ious  programs within the 
space research and technology base ($10.2 m i l l i o n )  has been conso l ida ted  i n t o  a systems technology 
program f o r  management v i s i b i l i t y .  

RD 15-44 



BASIS OF FY 1987 ESTIMATE 

The i n i t i a l  t e l e r o b o t  demonstrat ion w i l l  t ake  p l a c e  i n  l a t e  FY 1987. I t  w i l l  comprise a two-arm 
t e l e r o b o t  which can per form s imple s e r v i c i n g  and assembly tasks  on coopera t i ve  spacec ra f t  u s i n g  hand 
and power t oo l s .  I t  w i l l  i n c l u d e  i n i t i a l  autonomous c a p a b i l i t y  i n  terms o f  t ask  p r i m i t i v e s  such as: 
open, c lose,  screw in ,  e tc .  I n  FY 1987 t he  two-armed, f ixed- base t e l e robo t ,  as w e l l  as t h e  opera to r  
c o n t r o l  s t a t i o n  and the  spacecra f t  mockup, w i l l  be const ructed,  debugged, and demonstrated. 

The i n i t i a l  systems autonomy demonstrat ion w i l l  be i n  f i n a l  p r e p a r a t i o n  i n  FY 1987 and w i l l  t a ke  
p l ace  e a r l y  t h e  nex t  year. I t  w i l l  comprise automated c o n t r o l  (i.e., an i n t e l l i g e n t  a ide)  f o r  a 
s ing le- miss ion  ope ra t i ons  subsystem i n t e g r a t e d  communications. An exper t  system f o r  i n t e g r a t e d  
communications c o n t r o l  w i l l  be developed and debugged for  use i n  the  s h u t t l e  m iss i on  c o n t r o l  cen te r  a t  
Johnson Space Center. The consoles and programs f o r  demonstrat ing t h e  exper t  system u s i n g  rea l- t ime  
s h u t t l e  da ta  i n  an o f f - l i n e  ( p a r a l l e l )  mode t o  a c t u a l  subsystem c o n t r o l  by human c o n t r o l l e r s  w i l l  be 
developed. 

Research and development i n  each o f  t he  f i v e  c o r e  technology areas w i l l  cont inue. I n  sens ing and 
percep t ion ,  t h e  focus w i l l  be on m u l t i p l e - c l a s s  three- dimensional  o b j e c t  r e c o g n i t i o n  and 
t a c t i l e / p r o x i m i t y  sens ing i n  o rder  t o  reduce r e l i a n c e  on the  human o p e r a t o r ' s  v i s i o n  system. I n  t a s k  
p lanning,  t h e  emphasis w i l l  be on s p a t i a l  p l ann ing  o f  man ipu la to r  t r a j e c t o r i e s  and on reasoning about 
nonstandard procedures i n  o rder  t o  reduce r e l i a n c e  on t he  human o p e r a t o r ' s  c o g n i t i v e  c a p a b i l i t i e s  i n  
task  p lanning.  I n  c o n t r o l  execut ion, t e l e r o b o t  c o n t r o l  o f  f l e x i b l e  man ipu la to rs  and c o n t r o l  o f  
mu l t ip le -a rm degrees o f  freedom w i l l  be developed t o  enable t e l e r o b o t  s e r v i c i n g  o f  a wider  c l a s s  o f  
spacecra f t  and payloads. I n  opera to r  i n t e r f a c e ,  p r e d i c t i v e  d i s p l a y s  and s i m u l a t i o n  a i d s  f o r  
a n t i c i p a t e d  f a i l u r e s  w i l l  be developed t o  pe rm i t  t he  opera to r  t o  take over when t he  autonomous system 
encounters d i f f i c u l t y .  I n  systems a r c h i t e c t u r e  and i n t e g r a t i o n ,  t he  focus w i l l  be on deve lop ing  
techniques f o r  exper t  systems t o  c o n t r o l  an e n t i r e  system by c o o r d i n a t i n g  the needs and t asks  o f  a 
number o f  subsystems. 

RD 15-45 



M I S  W FY 1987 FUNDING REQUIRMENT 

STANDARDS AND PRACTICES 

1986 1987 
1985 Budget Cur ren t  Budget 

Es t imate  Es t imate  Es t imate  
m d s  o f  

A c t u a l  

Standards and Practices............... 4,900 8,000 8 ,UOO 9,200 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h e  Standards and P r a c t i c e s  program i s  t o  suppor t  NASA's  goa ls  th rough a c t i v i t i e s  
i n  p r o d u c t i v i t y ;  r e l i a b i l i t y  and q u a l i t y  assurance; m a i n t a i n a b i l i t y ;  safety ;  so f tware  assurance; 
systems engineer ing;  and program p r a c t i c e s  which reduce program r isk ,  improve p roduc t  conf idence, and 
encourage good program procedures i n  the  t e c h n i c a l  execu t ion  o f  NASA programs. 

Du r i ng  FY 19b5, t h e  O f f i c e  o f  t h e  Ch ie f  Engineer con t inued  i t s  e f f o r t s  t o  improve NASA's so f twa re  
management, assurance, and p r o d u c t i v i t y .  Emphasis was d i r e c t e d  toward develop ing v a l i d a t e d  procedures 
t o  ensure t he  i n t e g r i t y  o f  t he  systems t o  be p u t  i n t o  serv ice .  Non- dest ruct ive e v a l u a t i o n  (NDE) 
t e s t i n g  techniques were extended t o  new m a t e r i a l s  such as composites. The r e s u l t s  o f  th is  e f f o r t  w i l l  
ensure t h a t  m a t e r i a l  and f a b r i c a t i o n  s p e c i f i c a t i o n s  can be non- des t ruc t i ve l y  v e r i f i e d  and t h a t  
degrada t ion  o f  m a t e r i a l s  i n  use can be q u a n t i t a t i v e l y  documented. I n  FY 1986, work cont-inues on 
e f f o r t s  with t he  NASA Centers and i n d u s t r y  i n  t h e  areas o f  Computer-Aided Design/Computer-Aided 
Manufactur ing;  ma te r i a l s ,  t rea tments  and processes da ta  bases; i n t e g r a t e d  c i r c u i t  p roduc t  assurance; 
m i c r o c i r c u i t  r a d i a t i o n  e f f e c t s  eva lua t ions ;  des ign  and manufactur ing standards; aerospace and systems 
s a f e t y  r e l a t e d  mat ters ;  and o t h e r  a c t i v i t i e s  which suppor t  NASA-wide program r e s p o n s i b i l i t i e s .  

BASIS OF FY 1987 ESTIMATE 

I n  suppor t  o f  t h e  goa ls  o f  NASA, t he  FY 19U7 Standards and P r a c t i c e s  program w i l l  con t i nue  t o  
The inc rease  i n  fund ing  from the  FY 1986 l e v e l  r e f l e c t s  conduct a c t i v i t i e s  r e l a t e d  t o  i t s  ob jec t i ves .  

a broadened NDE program, and an expansion o f  NASA's  Sof tware Management and Assurance Program (SMAP). 

The e f f o r t s  o f  t he  SMAP a re  c r i t i c a l  t o  NASA 's  a b i l i t y  t o  economica l ly  develop and acqu i re  r e l i a b l e  
so f tware  t o  suppor t  t he  more complex, computer d r i v e n  systems r e q u i r e d  by i t s  f u t u r e  missions. The 
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ObJect ives o f  t h e  SMAP a r e  t o  adapt i n d u s t r y  and DOD so f tware  s o l u t i o n s  t o  t h e  NASA environment, and 
t o  c rea te  more e f f e c t i v e  implementat ion schemes which take  advantage o f  NASA's e x i s t i n g  expe r t i se ,  
communications media, and recen t  lessons  learned.  Sof tware standards, s p e c i a l i z e d  so f tware  t r a i n i n g ,  
d i s t r i b u t e d  so f tware  corpora te  memory da ta  bases, and so f tware  guidebooks w i l l  be t h e  p r imary  p roduc ts  
t h a t  w i l l  f a c i l i t a t e  improved so f twa re  bus iness p r a c t i c e s  and so f tware  resources sha r i ng  by NASA 
p r o j e c t s .  I ndus t r y ,  DOD and NASA achievements i n  t h e  areas o f  so f tware  a c q u i s i t i o n  management , 
r e l i a b i l i t y  engineer ing,  and q u a l i t y  assurance w i l l  be moni tored and assessed on a c o n t i n u i n g  b a s i s  t o  
ensure t h a t  NASA's s t a t e  o f  so f tware  p r a c t i c e s  i s  as c l ose  as p r a c t i c a l  t o  t h e  emerging s t a t e  o f  t h e  
a r t .  

The NDE Measurement Assurance Program, c u r r e n t l y  focused on meta ls  and composites, w i l l  be expanded 
t o  i n c l u d e  e l e c t r o n i c s  and w i l l  exp lo re  and develop q u a l i t a t i v e  and q u a n t i t a t i v e  i n s p e c t i o n  and 
q u a l i t y  c o n t r o l  techniques f o r  m i c r o c i r c u i t s  and semiconductors. New m i c r o c i r c u i t  technology i s  
approaching one m ic ron- l i ne  width and, based on p a s t  exper ience, con tamina t ion  and p a r t i c u l a t e s  w i l l  
have a major  impact on m i c r o c i r c u i t  r e l i a b i l i t y .  E x i s t i n g  q u a l i t y  c o n t r o l  p rac t i ces ,  e s p e c i a l l y  
process c o n t r o l  and sc reen ing  techniques, a re  inadequate and t o o  t ime  consuming f o r  new-generation 
m i c r o c i r c u i t s ,  making p a r t s  a v a i l a b i l i t y  a major concern f o r  NASA. Some o f  t he  c u r r e n t  screening 
methods, such as P a r t i c l e  Impact Noise D e t e c t i o n  (PIND) t e s t s  and x- rays, a re  n o t  e f f e c t i v e  NDE 
techniques. This program w i l l  develop techniques t o  accompany t h e  advances i n  m i c r o c i r c u i t s ,  and t o  
r ep lace  t h e  outdated process and q u a l i t y  c o n t r o l  p r a c t i c e s  and screening techniques. The program w i l l  
concen t ra te  on t he  c h i p  l e v e l ,  b u t  w i l l  e xp lo re  t he  assembl ies as we l l .  

The FY 1987 funds w i l l  a l s o  con t inue  t o  p rov ide  f o r  s p e c i a l  e f f o r t s  focused on f i n d i n g  s o l u t i o n s  t o  
s p e c i f i c  t e c h n i c a l  problems a r i s i n g  from programmatic a c t i v i t i e s .  I n  add i t i on ,  o v e r a l l  suppor t  i s  
r e q u i r e d  t o  con t inue  t o  ensure t h a t  advances i n  technology, such as m ic roe lec t ron i cs ,  r o b o t i c s ,  
computer automation, and composite f i b e r s ,  can c o n f i d e n t l y  be q u a l i f i e d  f o r  use i n  NASA programs 
within a t imeframe t h a t  i s  c o n s i s t e n t  with p r o j e c t  needs. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET S W A R Y  

OFFICE OF SPACE TRACKING AND DATA SYSTMS TRACKING AND DATA ADVANCED SYSTEMS 

M A R Y  OF RESOURCES REQUIREMENTS 

1985 
A c t u a l  

Advanced systems............ .......... 14,800 

TOTAL............................ 14,600 

D i s t r i b u t i o n  o f  Program Amounts by I n s t a l l a t i o n  

Goddard Space F l i g h t  Center........... 4,400 

Ames Research Center.................. 24 
Headquarters......... . . . . . . . . . . .~~~~~ 148 

T O T A L . . . . . . . . . . . . . . . . . . . . e ~ . * o o *  14,800 

J e t  P ropu l s i on  Laboratory............. 16,228 

1986 
Budqet Cur ren t  

Es t imate  Es t imate  
- m d s  o f  

16,200 16,200 

16,ZOLJ 16,200 

5,100 4,700 
11,1011 11,500 -- -- 

-- -- 
16,200 16, ZOO 

19117 
Budget Page 

Es t imate  Number 

17,100 RD 16-2 

17 , l o b  

5,000 
12,100 -- 

-- 
17,100 
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BASIS OF FY 1987 FUNDING REQUIREMENTS 

ADVANCED SYSTEMS 

19b6 1987 
1985 Budget Cur ren t  Budget Page 

A c t u a l  Es t imate  Es t imate  Es t imate  Number 
(Thousands o f  Dollars) 

Advanced systems.... .................. 14,800 16,200 16,200 17,100 

OBJECTIVES AN) STATUS 

The o b j e c t i v e  o f  t he  Advanced Systems Program i s  t o  per form s t u d i e s  and p rov ide  f o r  t he  development 
o f  t r a c k i n g  and da ta  systems and techniques r e q u i r e d  to:  (1) 
data  hand l i ng  c a p a b i l i t i e s  t h a t  w i l l  meet t he  needs o f  approved miss ions  and near- term new s t a r t s ;  and 
(2) improve t h e  c o s t  e f f e c t i v e n e s s  and r e l i a b i l i t y  needed f o r  o v e r a l l  suppor t  o f  t h e  t o t a l  mix o f  
s p a c e f l i g h t  missions. 

o b t a i n  new and improved t r a c k i n g  and 

As a s m a l l  b u t  v i t a l  p o r t i o n  o f  t he  t o t a l  Space Track ing  and Data Systems Program, t h i s  a c t i v i t y  
con t inues  t o  be focused on assessing and making use o f  t h e  dramat ic  changes t a k i n g  p l ace  i n  t h e  s t a t e  
of  t he  a r t  i n  telecommunications, e l e c t r o n i c  m i c r o- c i r c u i t r y  and computer technology. Such e f f o r t  i s  
c r i t i c a l  f o r  proper  p l ann ing  and f o r  t h e  a p p l i c a t i o n  o f  c o s t  e f f e c t i v e  and r e l i a b l e  new technology t o  
f u t u r e  suppor t  c a p a b i l i t i e s .  Ongoing work i n c l u d e s  t h e  i n v e s t i g a t i o n  o f  upcoming miss ions  and s t u d i e s  
o f  ground systems and telecommunicat ion l i n k s  t o  determine des ign approaches and o v e r a l l  t r a d e o f f s  for  
t h e  lowes t  l i f e  c y c l e  c o s t s  t o  suppor t  f u t u r e  space missions. 

BASIS OF FY 1987 ESTIMATE 

A c t i v i t i e s  planned f o r  FY 1967 i n c l u d e  e f f o r t s  aimed a t  o b t a i n i n g  l o c a t i o n  accurac ies  t o  t he  one 
meter l e v e l  f o r  E a r t h - o r b i t i n g  spacec ra f t  which would make p o s s i b l e  a new c l a s s  o f  h i g h  p r e c i s i o n  
E a r t h  observatory  m iss ions  on the  Shu t t l e ,  Space S t a t i o n  and on f r e e - f l y i n g  spacecraf t .  
techniques t o  be s tud ied  i n c l u d e  a s p e c i a l i z e d  use o f  t h e  Department o f  Defense's G loba l  P o s i t i o n i n g  
System and Very Long Base l ine  I n te r f e rome t r y .  
p r e c i s e  r a d i o m e t r i c  techniques f o r  de te rmin ing  angular  d i r e c t i o n  o f  f u t u r e  p l a n e t a r y  m iss ions  t o  an 
accuracy o f  f i v e  nano-radians. 
t h e  conduct o f  sc ience exper iments n o t  p r e v i o u s l y  poss ib le .  

The 

Work w i l l  a l so  con t i nue  on the  development o f  ext remely  

Such improvements t y p i c a l l y  l e a d  t o  improved spacec ra f t  n a v i g a t i o n  and 
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New methods f o r  improv ing  communications with spacecraf t  w i l l  con t inue  i n  such areas as s i g n a l  
coding; use o f  m i l l i m e t e r  wave f requenc ies  on l a r g e  diameter antennas; t h e  development o f  more 
e f f i c i e n t  t r a n s m i t t e r s ;  h i g h l y  r e l i a b l e ,  low n o i s e  t e l eme t r y  r ece i ve rs ;  and, antenna feed systems 
capable o f  m u l t i p l e  f requency opera t ion ,  i.e., K ,  X ,  and S-band. Improv ing  space-to-ground l i n k  
performance can b e n e f i t  many f u t u r e  miss ions  by reduc ing  m iss ion  c o s t s  through reduced spacec ra f t  
weight  and power requi rements or i n c r e a s i n g  t h e  amount or q u a l i t y  o f  t h e  da ta  re turned.  O p t i c a l  
communications technology t o  meet te lecommunicat ions needs beyond the  1990 's  w i l l  a l s o  be i n v e s t i g a t e d  
bo th  f o r  i t s  cost-performance advantages over  microwave technology and f o r  i t s  p o t e n t i a l  i n  space da ta  
r e l a y  app l i ca t i ons .  

Use of  h i g h  dens i t y  tape and o p t i c a l  disk s to rage  wi th  automated q u a l i t y  c o n t r o l  o f  da ta  i s  be ing  
i n v e s t i g a t e d  t o  meet f u t u r e  image da ta  p rocess ing  requi rements because t h e  da ta  handled from Ear th-  
o r b i t a l  m iss ions  i s  expected t o  inc rease  from a c u r r e n t  peak o f  50 megabits per  second t o  t h e  TDRSS 
des ign l i m i t  o f  300 megabits per  second. 
sensors such as m u l t i s p e c t r a l  scanners and s y n t h e t i c  ape r tu re  radars.  
be developed f o r  t h e  t r a n s f e r  and p rocess ing  o f  these h i g h  da ta  ra tes .  
K-band t e r m i n a l  f o r  TDRSS user  spacecra f t ,  computer a s s i s t e d  opera t ions ,  d i g i t a l  p rocess ing  o f  h i g h  
volume data,  improved man-machine i n t e r f a c e s ,  and wide band s a t e l l i t e  communications t o  d i s t r i b u t e  
da ta  t o  process ing cen te rs  and users. 

These f u t u r e  requi rements r e s u l t  from h i g h  r e s o l u t i o n  
New techniques and systems w i l l  

These developments i n c l u d e  a 

I n v e s t i g a t i o n s  w i l l  con t inue  on methods f o r  reduc ing  p r o j e c t e d  manpower requi rements f o r  ope ra t i ng  
t h e  m iss ion  c o n t r o l  f a c i l i t i e s  and f o r  p r o v i d i n g  t h e  necessary r e a l  t ime  i n t e r a c t i o n  between t h e  
spacec ra f t  exper imenters  and t h e i r  experiments. Other i n v e s t i g a t i o n s  a r e  be ing  c a r r i e d  ou t  i n  t he  
areas o f  automated m iss ion  c o n t r o l ,  g rea te r  use o f  d i s t r i b u t e d  command t e r m i n a l s  and t h e  performance 
o f  o r b i t  and a t t i t u d e  computat ions on board the  spacecra f t .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE FLIGHT, CONTROL AND DATA COHMLNICATIONS 

FISCAL YEAR 1987 ESTIMATES 

GENERAL STATEMENT 

The o b j e c t i v e  o f  the Na t i ona l  Aeronaut ics  and Space Admin i s t r a t i on  program o f  space f l i g h t ,  c o n t r o l  
and data communications i s  t o  p rov ide  f o r  the ope ra t i ona l  a c t i v i t i e s  o f  the Space T ranspo r ta t i on  
System and t r a c k i n g  and communication system suppor t  t o  a l l  NASA f l i g h t  p r o j e c t s .  
achieved through the  f o l l o w i n g  elements: 

This o b j e c t i v e  i s  

SHUTTLE PRODUCTION AND OPERATIONAL CAPABILITY: A program t o  p rov ide  a c o s t  e f f e c t i v e  s h u t t l e  system 
wi th  a minimum f l i g h t  r a t e  c a p a b i l i t y  o f  24 per  year i n  1989 by p r o v i d i n g  the n a t i o n a l  f l e e t  o f  Space 
S h u t t l e  o r b i t e r s ,  main engines, launch s i t e  and miss ion  opera t ions  c o n t r o l  requirements,  i n i t i a l  
spares, p roduc t i on  t o o l i n g ,  and r e l a t e d  suppor t ing  a c t i v i t i e s .  

SPACE TRANSPORTATION OPERATIONS: A program t o  p rov ide  the s tandard ope ra t i ona l  suppor t  se rv i ces  f o r  
t he  Space S h u t t l e  and the expendable launch veh ic les .  W i th i n  S h u t t l e  operat ions,  e x t e r n a l  tank  and 
s o l i d  r ocke t  booster  f l i g h t  hardware i s  produced; o p e r a t i o n a l  spare hardware i s  p rov is ioned ,  
overhauled and repa i red ;  and manpower, p rope l l an t s ,  and o ther  m a t e r i a l s  are fu rn ished  t o  conduct bo th  
f l i g h t  and ground ( launch  and l and ing )  operat ions.  

SPACE AND GROUND NETUORK, COMMWICATIONS AND DATA SYSTEMS: A program t o  p rov ide  v i t a l  t r a c k i n g ,  
te lemet ry ,  command, and data a c q u i s i t i o n  suppor t  t o  meet the requirements o f  a l l  NASA f l i g h t  
p r o j e c t s .  Th i s  suppor t  i s  c u r r e n t l y  p rov ided  by a worldwide network o f  NASA e l e c t r o n i c  ground 
s t a t i o n s  in te rconnec ted  by a communications system us ing  ground, undersea, and s a t e l l i t e  c i r c u i t s .  I n  
1986, the Track ing and Data Relay S a t e l l i t e  Systems (TDRSS) w i l l  become the  pr imary system f o r  
suppo r t i ng  upcoming Ea r th  o r b i t i n g  missions. 
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NATIONAL AERONAUTICS AND SPACE ADMININSTRATION 

SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS 
FY 1987 BWGET ESTIMATES 

1986 1987 - - - ~  
1985 Budget  C u r r e n t  Budget  

Estimate Estimate A c t u a l  E s t i m a t e  -II 

(Thousands o f  T G i G a  

SHUTTLE PRODUCTION AND OPERATIONAL 
CAPABILITY...... .................................... 1,484,500 976,500 971,600 745,400 

SPACE TRANSPORTATION OPERATIONS. ...................... 1,314,1300 1,725,100 1,725,000 1,524,700 

SPACE AND GROUND NETWORKS, COMMUNICATION 
AND DATA SYSTEMS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  795,7GO 808,300 701,300 798,900 

T O T A L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,594,200 3,509,900 3,397,900 3,069,000 --_- ----- I 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

SPACE FLIGHT, CONTROL AND DATA COMMUh’lCAnOh’S 

For necessary expenses, not otherwise provided for; in support of 
space flight, spacecraft control and communications activities of the 
National Aeronautics and Space Administration, including oper- 
ations. production. services, minor construction, maintenance, repair, 
rehabilitation, and modification of real and personal property tracli- 
ing and data relay satellite services as authorized by law; purchase, 
hire, maintenance and operation of other than administrative air- 
craft; [S3.397.900,000) &‘,Oti9,0OO.a00. to remain available until Sep 
tember 30, [198i] 1988. (Lkpurtment of Housing and Urban Lki*elop- 
ment-Independent Agvncios Appmpriattons Act. ;98ti; additional au- 
thorizing legislatian to be proposed.) 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Space Fl ight ,  Control and Data Communications 

Reimbursable Sumnary 
( I n  thousands o f  dollars) 

Space F l i q h t ,  C o n t r c l  and Data Communications Budqet P l a n  
FY 1987 FY 1985 FY 1986 

................... 230,000 S h u t t l e  Produc t ion  and C a p a b i l i t y  Development 319,185 317,992 

Space T ranspo r t a t i on  Operat ions ................................. 480,600 300 7 000 704,000 

Expendable Launch Vehicles........... ........................... 129 582 271,679 77,300 

................................... 46 833 45,329 33,000 Track ing and Data A c q u i s i t i o n  -___ 

Total......................................................... 976,200 __I- 935,000 l 7 O 4 4 , 3 0 l  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS 

FISCAL YEAR 1987 ESTIMATES 

SUEEIARY OF BWGET PLAN BY SUBFUNCTION 
( In  thousands o f  dollars) 

Code FY 1985 FY 1986 FY 1967 

253 Space F l i g h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,798,500 2,696,600 2,270,100 

~- 

......... 798,900 ~- 795,700 701,300 - 255 Suppor t ing Space Activities................ 

To ta l ,  General  Science, Space and Technology ...... 3,594,200 3,397,900 3,069,000 - - 
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Total 1985 3,594,aoO 1,159,650 33,Ur) 1,223,487 431,146 111,KQ 12,345 100 3,400 263,670 
1986 3,397,900 918,9aj 407,2u) 1,25d,2LU ~ , N  %,a 122,wU 15,tW 1W 3,0113 297,x13 
1987 3,069,0013 560,500 485,8ocl 1,ot)7,7a, 8,m 378,400 129,-Ml 14,800 100 m 402,400 
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OFFICE OF SPACE FLIGHT 

FISCAL YEAR 1987 ESTIMATES 

BUDGET SUMMARY 

SPACE TRANSPORTATION SYSTEM PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS ~- 
~ -- I _ _ -  

1985 
Ac tua l  

S h u t t l e  p roduc t i on  and o p e r a t i o n a l  

Space t r a n s p o r t a t i o n  opera t ions  ....... 1,314,000 
c a p a b i l i t y  .......................... 1,464,500 

Total.........,..................... 2,798,500 

D i s t r i b u t i o n  I o f  Program Amounts ___ By I n s t a l l a t i o n  - - - - ~  

Johnson Space Center.,................ 1,159,500 

Marsha l l  Space F l i g h t  Center.......... 1,205,800 
N a t i o n a l  Space Technology Lab......... 6,300 
Goddard Space F l i g h t  Center,.......... 1,700 
J e t  Propu ls ion  Laboratory  ............. 2,600 
Lewis Research Center................. 3,400 

Ames Research Center.................. 3,800 
32 200 

Kennedy Space Center...,.............. 383,100 

Langley Research Center............... 100 

Headquarters .......................... -L 

Total............................... A-L 2 798 500 - 

1986 
Budget Cur ren t  

Es t imate  Es t imate  
(Thousands o f  Dollars) 

976,500 
1,725,lOU 

2,701,600 

910,100 
375,500 

1,245,900 
7,200 
1,100 

--- 
--- 
100 

158,600 

2 701 600 

3,100 

L-L- ---- 

971,600 
1,725,OUO 

2,695,600 -- 

g i a ,  900 
407,200 

8,300 
1,229,000 

1,400 
300 

3,000 
100 

4,900 
123,500 

2,696,600 - 

1967 
Budget Page 

Es t imate  Number 

SF 1-1 
SF 2-1 

745,400 
1,524,70U 

2,27(3,100 -- 

560,5130 
485,800 

l,058,4UO 
8,61j0 

1,500 
5 00 
100 

150,700 

2 270 100 

1,200 

2,800 

L L -  
___-I- 
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SPACE FLIGHT, CONTROL AND DATA COEMUNICATIONS 

FISCAL YEAR 1987 ESTIMATES 

OFFICE OF SPACE FLIGHT SPACE TRANSPORTATION SYSTEM PROGRAM 

PROGRAM OBJECTIVES 
--I--- 

The Space S h u t t l e  i s  the  key element o f  a v e r s a t i l e  Space T ranspo r ta t i on  System (STS) t h a t  i s  
a v a i l a b l e  t o  a wide v a r i e t y  o f  n a t i o n a l  and i n t e r n a t i o n a l  users.  The Space S h u t t l e  i s  the  f i r s t  
reusable space v e h i c l e  and i s  con f igured  t o  c a r r y  many d i f f e r e n t  types o f  space apparatus, s c i e n t i f i c  
experiments, and n a t i o n a l  s e c u r i t y  payloads. I n  a d d i t i o n  t o  t r a n s p o r t i n g  ma te r i a l s ,  equipment and 
spacecra f t  t o  o r b i t ,  the  S h u t t l e  o f f e r s  unique c a p a b i l i t i e s  t h a t  cannot be achieved wi th expendable 
launch v e h i c l e s  (ELV)--to r e t r i e v e  payloads from o r b i t  f o r  reuse; t o  s e r v i c e  and r e p a i r  s a t e l l i t e s  i n  
space; t o  t r a n s p o r t  t o  o r b i t ,  operate,  and r e t u r n  space l a b o r a t o r i e s ;  and t o  per form rescue missions. 

S h u t t l e  Produc t ion  and Opera t iona l  C a p a b i l i t y  p rov ides  f o r  t he  n a t i o n a l  f l e e t  o f  f ou r  S h u t t l e  
o r b i t e r s ,  i n c l u d i n g  main engines, and p rov ides  f o r  the launch s i t e  f a c i l i t i e s ,  i n i t i a l  spares, 
p roduc t i on  t o o l i n g ,  and r e l a t e d  suppo r t i ng  a c t i v i t i e s  t o  meet t he  needs o f  NASA, the Department o f  
Defense (DOD), and o ther  domestic and i n t e r n a t i o n a l  users  o f  space. Th is  l i n e  i t em con ta ins  o r b i t e r  
p roduc t i on  f o r  f l i g h t  hardware improvements and miss ion  k i t s ;  t he  procurement o f  a spares i n v e n t o r y  
f o r  the o p e r a t i o n a l  o r b i t e r  f l e e t ,  i n c l u d i n g  major s t r u c t u r a l  o r b i t e r  components; t he  r e s i d u a l  
devslopment tasks f o r  t he  o r b i t e r ,  Space S h u t t l e  main engine (SSME), e x t e r n a l  tank (ET) ,  and s o l i d  
r ocke t  booster  (SRB); Johnson Space Center (JSC) miss ion  ope ra t i ons  c a p a b i l i t y  development; t he  
equipment p r o v i s i o n i n g  o f  the  f a c i l i t i e s  f o r  launch and l a n d i n g  a t  the  Kennedy Space Center (KSC); t he  
development o f  the f i l a m e n t  wound case (FWC) s o l i d  r ocke t  booster ;  t he  i n i t i a l  l a y - i n  o f  spares and 
ground suppor t  equipment; and the  r a t e  t o o l i n g  f o r  the ET and SRB. M o d i f i c a t i o n  o f  two o r b i t e r s ,  two 
mob i le  launch p l a t f o r m s  (MLP) and bo th  launch pads f o r  the conduct o f  the  p l ane ta ry  miss ions ( G a l i l e o  
and Ulysses) i n  1986, us i ng  the  Centaur as an STS upper stage, are a l s o  funded under t h i s  budget i tem. 

S h u t t l e  Operat ions p rov ides  the s tandard ope ra t i ona l  support  se rv i ces  f o r  Shu t t l e ,  the  p r imary  U.S. 
launch system. Within S h u t t l e  Operat ions, f l i g h t  hardware i s  produced, r e fu rb i shed  and repa i red ;  and 
manpower, p rope l l an t s ,  and other  m a t e r i a l s  a re  fu rn ished  t o  conduct and suppor t  bo th  f l i g h t  and ground 
operat ions.  The S h u t t l e  i l pe ra t i ons  program prov ides  f o r  the  launch o f  NASA rnissions and on a 
re imbursable bas i s  DOD, o ther  U.S. Government, commercial, and i n t e r n a t i o n a l  missions. The launch 
schedule c a l l s  f o r  1 4  f l i g h t s ,  i n c l u d i n g  the  f i r s t  launch from the  west coast,  i n  FY 1986, 17 f l i g h t s  
i n  FY 1387, and 18 f l i g h t s  i n  FY 1988. The f l i g h t  r a t e  i s  planned t o  reach 24 launches per  year by 
1989. 
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The S h u t t l e  p rov ides  launch se rv i ces  t o  non-NASA users on a re imbursable bas i s  as determined by t he  
g rea te r  o f  each pay load 's  l e n g t h  o r  weight.  Launches occcu r r i ng  i n  the  c u r r e n t  p r i c i n g  phase (FY 1986 
through FY 1988) are  p r i c e d  a t  $71.0 m i l l i o n  (1982 d o l l a r s )  f o r  commercial launches and $55.5 m i l l i o n  
(1982 d o l l a r s )  f o r  DOD launches. Commercial launches occu r r i ng  subsequent t o  FY 1988 are t o  be p r i c e d  
th rough auc t i on  procedures a t  a minimum o f  $74.0 m i l l i o n  (FY 1982 d o l l a r s )  i n  accordance wi th N a t i o n a l  
S e c u r i t y  Dec is ion  D i r e c t i v e  1 8 1  o f  J u l y  30, 1985. DOD launches i n  t he  FY 1989 through FY lY9l p e r i o d  
a re  p r i c e d  a t  $60.0 m i l l i o n  (FY 1982 d o l l a r s ) .  

The ELV program i s  now t o t a l l y  funded through reimbursements from users. P r i v a t i z a t i o n  o f  these 
systems cont inues t o  be a c t i v e l y  pursued. 

STATUS 

I n  o r b i t e r  p roduc t ion ,  the d e l i v e r y  o f  A t l a n t i s  (OV-104) i n  A p r i l  1985 and Columbia's (OV-102) 
complet ion o f  m o d i f i c a t i o n  and d e l i v e r y  i n  J u l y  1985 b r i n g s  t o  four  t h e  number o f  v e h i c l e s  a v a i l a b l e  
f o r  f l i g h t .  The emphasis on the o r b i t e r  l o g i s t i c s  program i s  ongoing wi th ana l ys i s  and procurement 
a c t i v i t y  f o r  the  p r o v i s i o n i n g  o f  o r b i t e r  spares for  the  i n i t i a l  l a y - i n  a t  the  launch  s i t e .  The 
procurement o f  s t r u c t u r a l  spares i s  a l so  progress ing.  Th is  program w i l l  p rov ide  major s t r u c t u r a l  
spares f o r  the  f ou r  o r b i t e r  f l e e t  and i nc l udes  elements such as wings, mid- fuselage, and payload bay 
doors. Operat ions spares suppor t  the  f l i g h t  program wi th  r e p a i r s ,  procurement o f  consumables, and 
rep len ishment  o f  inven to ry .  O r b i t e r  f l i g h t  anomalies a re  reso lved  under the  s u s t a i n i n g  eng ineer ing  
e f f o r t  and suppor t  t o  the launch s i t e  c o n t r a c t o r  i s  prov ided through the launch suppor t  se rv i ces  
con t rac t .  

A t  KSC, a c t i v a t i o n  and equipp ing o f  f a c i l i t i e s  i s  p rov ided  under the launch s i t e  equipment budget t o  
suppor t  s imultaneous process ing o f  S h u t t l e  v e h i c l e s  t o  meet t he  i n c r e a s i n g  f l i g h t  r a t e .  Simultaneous 
process ing o f  f l i g h t  hardware i s  c u r r e n t l y  underway wi th two mob i le  launch p la t forms,  two o r b i t e r  
process ing f a c i l i t i e s ,  and p a r a l l e l  process ing bays i n  t he  v e h i c l e  assembly b u i l d i n g .  The second 
launch pad, which w i l l  a l so  suppor t  s imultaneous process ing and checkout o f  mated launch v e h i c l e s  has 
met i t s  o p e r a t i o n a l  readiness da te  o f  January 1986 i n  order  t o  suppor t  the  two p lane ta ry  missions, 
G a l i l e o  and Ulysses, i n  May 1986. I n  a d d i t i o n ,  t he  t h i r d  mobi le  launch p l a t f o r m  i s  on schedule f o r  a 
September 1986 o p e r a t i o n a l  readiness da te  and work con t inues  on o u t f i t t i n g  the O r b i t e r  Maintenance and 
Refurbishment F a c i l i t y  (OMRF) t o  come on l i n e  l a t e  i n  1986. 

A t  JSC, the  t h i r d  S h u t t l e  t r a i n i n g  a i r c r a f t  (STA) has been p u t  i n t o  se rv i ce ,  wh i l e  t r a i n i n g  capac i t y  
i s  be ing  expanded by m o d i f i c a t i o n  o f  the  s imu la to r s  and the miss ion  c o n t r o l  center .  Contingency a b o r t  
s i t e s  w i l l  be brought  t o  f u l l  o p e r a t i o n a l  c a p a b i l i t y  d u r i n g  FY 1986 and FY 1987. I n i t i a l  e f f o r t s  a re  
underway on the replacement and re fu rb ishment  o f  JSC miss ion  suppor t  equipment. 

SF ST 3 



Development and l i f e  c e r t i f i c a t i o n  o f  the  SSME i s  con t i nu ing  i n  suppor t  o f  the  f l i g h t  and ground 
t e s t  program. Design m o d i f i c a t i o n s  on the  h i g h  pressure pumps and the  h o t  gas man i f o l d  are a 
c o n t i n u a t i o n  o f  work begun i n  FY 1983, and a re  d i r e c t e d  a t  reduc ing the SSME ope ra t i ng  costs ,  
i nc reas ing  the  SSME ope ra t i ng  margins, and de te rmin ing  t he  hardware l i f e  and replacement requi rements 
through a c e r t i f i c a t i o n  ex tens ion  t e s t  program. The ope ra t i ng  cos t  r educ t i on  a c t i v i t i e s  a re  
concentrated on the h i g h  pressure oxygen and hydrogen pumps. The t e s t i n g  o f  des ign m o d i f i c a t i o n s  t o  
the  two pumps i s  w e l l  underway and has shown good progress toward improv ing pump l i f e .  These mod i f i ed  
des ign pumps are expected t o  complete c e r t i f i c a t i o n  t e s t i n g  i n  March 1986, and w i l l  be phased i n t o  t h e  
f l i g h t  program beginn ing i n  mid FY-1986. Redesign o f  the  h o t  gas man i f o l d  i s  con t i nu ing  w i t h  t he  
des ign goa l  o f  improv ing f l ow  c o n d i t i o n s  which w i l l  extend engine l i f e  by decreas ing systems 
res i s tance  and reduc ing pump loads.  These man i f o l d  changes w i l l  be in t roduced i n t o  the  f l e e t  
beginn ing i n  FY 1990. The SSME program a l s o  i nc l udes  an advanced engine development e f f o r t  which w i l l  
p rov ide  a l t e r n a t e  sources f o r  SSME-class hardware, w i l l  improve the  opera t ing  margins on se lec ted  
c r i t i c a l  components, and w i l l  eva lua te  t e c h n i c a l  advances a r i s i n g  from the OAST technology program. 

The exper ience wi th  the  s o l i d  r ocke t  boos te rs  du r i ng  e a r l y  f l i g h t s  i n d i c a t e d  the need f o r  des ign 
improvements t o  reduce the  damage i n c u r r e d  d u r i n g  booster  water impact. Improvements implemented t o  
date have proven t o  be successfu l  i n  reduc ing  s t r u c t u r a l  damage a l though problems remain wi th  water 
i n t r u s i o n  damage t o  the  t h r u s t  vec to r  c o n t r o l  (TVC)  servo ac tua to rs .  Design m o d i f i c a t i o n s  a l ready  
underway w i l l  cont inue t h i s  year t o  e l i m i n a t e  t h i s  problem. Development o f  a sensor un i t  t o  separate 
t he  main parachutes a t  water impact f o r  added d i v e r  s a f e t y  d u r i n g  recovery opera t ions  was completed. 

The SRB assembly con t rac to r ,  USBI, s t a r t e d  c o n s t r u c t i o n  o f  a re fu rb ishment  and subassembly f a c i l i t y  
i n  FY 1985, wi th complet ion scheduled d u r i n g  t he  l a s t  qua r te r  o f  FY 1986. Dur ing  FY 1987, assembly 
opera t ions  w i l l  be t r a n s f e r r e d  from the v e h i c l e  assembly b u i l d i n g  and Hanger N f a c i l i t i e s  t o  the  new 
f a c i l i t y .  Procurement o f  t o o l i n g  t o  suppor t  a 24 per  year f l i g h t  r a t e  c a p a b i l i t y  w i l l  con t inue  
through 1987. 

Performance o f  the e x t e r n a l  tank on a l l  S h u t t l e  f l i g h t s  t o  date has been e x c e l l e n t .  Emphasis 
con t inues  on s u s t a i n i n g  the r a t e  o f  cos t- reduc t ion  and ach iev ing  increased p roduc t i on  c a p a b i l i t y  
e f f o r t s  as t he  f l i g h t  r a t e  increases. Manufactur ing f l ow  des ign and process ing improvements necessary 
t o  achieve reduc t i ons  i n  the  tank o p e r a t i o n a l  cos t s  have been i d e n t i f i e d  and are be ing  implemented. 
E f f o r t s  are a l so  con t i nu ing  i n  the  ET as i n  the  SRB programs t o  p rov ide  t o o l i n g  t o  suppor t  a f l i g h t  
r a t e  o f  24 f l i g h t s  per  year by FY 1989. 

The f i l a m e n t  wound case i s  c o n t i n u i n g  development and q u a l i f i c a t i o n  t e s t i n g  f o r  f l i g h t  use for  
miss ions  r e q u i r i n g  increase payload l i f t  c a p a b i l i t y .  The l i g h t e r  graphi te- epoxy f i l a m e n t  wound motor 
cases w i l l  p rov ide  an a d d i t i o n a l  4600 pounds o f  payload c a p a b i l i t y  t o  the Shu t t l e .  The f i r s t  launch 
o f  the  FWC i s  scheduled from Vandenberg i n  mid-1986. The development o f  the FWC was proceeding on 
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schedule u n t i l  the recen t  s t r u c t u r a l  t e s t  a r t i c l e  (STA) f a i l u r e .  This w i l l  r e q u i r e  repea t i ng  the t e s t  
t o  demonstrate adequate margin of s a f e t y  a t  engine i g n i t i o n .  The t e s t  i s  scheduled f o r  February 1986 
and w i l l  suppor t  the f i r s t  Vandenberg launch i n  mid-1986. 

The S h u t t l e  Operat ions budget p rov ides  fund ing  i n  t h ree  p r i n c i p a l  areas: f l i g h t  opera t ions ,  f l i g h t  
hardware, and launch and l and ing  operat ions.  F l i g h t  opera t ions  i nc l udes  t r a i n i n g ,  m iss ion  c o n t r o l ,  
f l i g h t  opera t ions  p lanning,  payload and systems a n a l y t i c a l  i n t e g r a t i o n ,  m iss ion  ana lys is ,  p o s t - f l i g h t  
anomaly r e s o l u t i o n ,  s u s t a i n i n g  eng ineer ing  and launch suppor t  se rv ices .  A conso l ida ted  opera t ions  
c o n t r a c t  cover ing  most o f  the f l i g h t  ope ra t i on  f u n c t i o n s  performed a t  JSC has been awarded, and t he  
c o n t r a c t o r  w i l l  beg in  e a r l y  i n  1986. 

F l i g h t  hardware i nc l udes  the  procurement o f  o r b i t e r  f l i g h t  spares, SRB r a t e  gyros, E T ' S  and the 
i n t e r f a c e  hardware w i t h  the  o r b i t e r ,  s o l i d  r ocke t  motors and booster  hardware, and p rope l l an t s ;  
eng ineer ing  and l o g i s t i c s  suppor t  f o r  e x t e r n a l  t a n k / s o l i d  r ocke t  booster/main engine hardware 
elements; and, maintenance and ope ra t i on  o f  f l i g h t  crew equipment. A conso l ida ted  ope ra t i ons  
c o n t r a c t  cover ing  most o f  the crew equipment suppor t  a t  JSC w i l l  beg in  t r a n s i t i o n i n g  f unc t i ons  du r i ng  
1986. The funding requested for  the  ET and s o l i d  r o c k e t  motors and boos te rs  ( i n c l u d i n g  p roduc t i on  o f  
f i l a m e n t  wound cases) i nc l udes  l ong  l ead  t ime raw ma te r i a l s ,  subassemblies, and subsystems r e q u i r e d  t o  
s u s t a i n  p roduc t ion .  

The launch and l and ing  opera t ions  budget p rov ides  funding for process ing o f  the elements o f  f l i g h t  
hardware t h a t  comprise t he  S h u t t l e  launch v e h i c l e s  as they f l ow  through t he  ground process ing 
s t a t i o n s  a t  KSC. The S h u t t l e  process ing c o n t r a c t o r  (SPC), i n  con junc t i on  wi th the  base opera t ions  
con tac to r  (BOC),  s u c c e s s f u l l y  processed and launched e i g h t  o p e r a t i o n a l  f l i g h t s  and t h e i r  assoc ia ted  
payloads wi th two o r b i t e r s ,  Discovery and Chal lenger,  du r i ng  FY 1985. I n  add i t i on ,  A t l a n t i s  was 
d e l i v e r e d  t o  KSC and processed f o r  i t s  f i r s t  launch, which occurred on October 3, 1985 (FY 1986). 
Columbia, which had been undergoing s t r u c t u r a l  and thermal  p r o t e c t i o n  system m o d i f i c a t i o n s  a t  
Palmdale, C a l i f o r n i a ,  was a l s o  d e l i v e r e d  t o  KSC i n  FY 1985 and completed i t s  seventh miss ion  i n  
January 1986. Discovery i s  scheduled f o r  the f i r s t  launch from the Vandenberg launch s i t e  i n  1986. A 
s i g n i f i c a n t  p o r t i o n  o f  t he  pre- launch process ing w i l l  be accomplished a t  KSC f a c i l i t i e s  p r i o r  t o  be ing  
d e l i v e r e d  t o  Vandenberg, where mat ing and f i n a l  pre- launch checkout w i l l  be conducted. KSC p l ann ing  
i nc l udes  launch o f  13  f l i g h t s  i n  FY 1986 which i nc l udes  back-to-back launches o f  two p lane ta ry  
miss ions i n v o l v i n g  the Centaur upper stage and a l so  the process ing o f  Discovery aga in  f o r  i t s  second 
launch  from Vandenberg. 
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BASIS ff FY 1987 FINDING REQUIREMENT 

SHUTTLE PRODUCTION AND OPERATIONAL CAPABILITY 

1985 
Ac tua l  

Orbiter............................... 674,200 
Launch and miss ion  suppor t  ............ 218,100 
P ropu l s i on  systems .................... 592,200 
Changes and system upgrading .......... --- 

Total............................... 1 , 484,500 

D i s t r i b u t i o n  o f  e Program ---- Amounts by I n s t a l l a t i o n  

Johnson Space Center.................. 763,800 
Xennedy Space Center.................. 105,200 
Marsha l l  Space F l i g h t  Center.......... 581,300 
N a t i o n a l  Space Technology Labo ra to r i es  6,300 
Lewis Research Center................. 3,400 
Goddard Space F l i g h t  Center........... 500 
J e t  Propu ls ion  Labora to ry  ............. 2,609 
Headquarters .......................... 21,400 

Total............................... 1,464,500 - 

1386 
Budget Cur ren t  

Es t imate  Est imate 
m d s  o f  Dollars) 

333,600 333,600 
163,900 169,000 
454,000 454, oui3 

25,000 15,000 

976 500 2- 

371,400 
56,700 

449,800 
7,200 

--- 
91,400 

976,500 --- 

971,600 

379,100 
64,000 

416,000 
7,500 
3,000 

3 00 
101,700 

971,600 

1987 
Budget Page 

Est imate Number 

211,000 SF 1-4 
161,000 SF 1-5 
338,400 SF 1-9 

SF 1-12 35.000 

745,400 

210,500 
105,500 
318,500 

7,900 
5 00 

1,500 
101,000 

745,400 
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OBJECTIVES AND STATUS 

The o b j e c t i v e s  o f  t h i s  program are t o  p rov ide  f o r  the  complet ion o f  a f u l l y  capable n a t i o n a l  f l e e t  o f  
S h u t t l e  o r b i t e r s ;  the  development o f  the  p ropu l s i on  systems; p repa ra t i on  o f  launch s i t e  c a p a b i l i t i e s ;  
and, the  p o t e n t i a l  changes and upgrading o f  the  Space T ranspo r ta t i on  System (STS). 

The f ou r- o rb i t e r  f l e e t  i nc l udes  Columbia ( O V - 1 0 2 ) ,  t he  o r b i t e r  v e h i c l e  developed and f lown on t he  
four t e s t  and eva lua t i on  f l i g h t s ;  Chal lenger ( O V - O 9 9 ) ,  the second f l i g h t  o r b i t e r ,  which was f a b r i c a t e d  
us ing  elements o f  the s t r u c t u r a l  t e s t  a r t i c l e ;  and, two o r b i t e r s  - Discovery (OV-103) and A t l a n t i s  (OV-  
104) o f  a l i g h t e r - w e i g h t  c o n f i g u r a t i o n .  M o d i f i c a t i o n s  t o  o r b i t e r s  and the r e l a t e d  systems i n t e g r a t i o n  
analyses f o r  the  use o f  the Centaur and i t s  payloads w i l l  be completed d u r i n g  1986. The budget 
p rov ides  necessary improvements, hardware f i x e s  and miss ion  k i t s  f o r  the  o r b i t e r  f l e e t  t o  s a t i s f y  
f l i g h t  requirements.  The p r o v i s i o n i n g  o f  o r b i t e r  spares i s  an on-going a c t i v i t y  t o  suppor t  t he  
requi rements f o r  the i n i t i a l  l a y - i n  o f  l i n e  rep laceab le  u n i t s  o f  equipment a t  the launch s i t e .  I n  
a d d i t i o n ,  t he  budget p rov ides  f o r  t he  ex tens ive  a c q u i s i t i o n  o f  o r b i t e r  s t r u c t u r a l  spares t o  suppor t  t he  
f o u r- o r b i t e r  f l e e t .  

Launch and Miss ion  Support p rov ides  f o r  c a p a b i l i t y  t o  suppor t  s imultaneous process ing o f  launch 
v e h i c l e s  a t  the  Kennedy Space Center (KSC); the  a d d i t i o n a l  as t ronau t  t r a i n i n g ,  m iss ion  p repa ra t i on  and 
miss ion  ope ra t i on  c a p a b i l i t i e s  r equ i red  f o r  h igher  f l i g h t  r a tes ;  the  m o d i f i c a t i o n s  t o  the launch s i t e  
f a c i l i t i e s  t o  accommodate the new Centaur upper stage; and, s t u d i e s  and analyses o f  program l e v e l  
improvements f o r  the opera t ions  and management o f  the STS. The f i r s t  l i n e  o f  KSC f a c i l i t i e s  supported 
t he  launch process ing and checkout o f  one launch v e h i c l e  a t  a t ime from l a n d i n g  through launch. The 
a d d i t i o n a l  process ing s t a t i o n s  a l l o w  f o r  s imultaneous process ing o f  o r b i t e r s  and assor ted f l i g h t  
hardware t o  meet the East Coast launch r a t e  o f  up t o  20 f l i g h t s  per  year. A Gul fs t ream I1 a i r c r a f t  has 
been mod i f i ed  i n t o  a t h i r d  S h u t t l e  t r a i n i n g  a i r c r a f t  (STA) t o  suppor t  increased t r a i n i n g  requirements 
and t o  pe rm i t  t he  e x i s t i n g  two a i r c r a f t  t o  be overhauled when s t r u c t u r a l  f a t i g u e  cons ide ra t i ons  make 
t h i s  necessary. The upgrading of the m iss ion  c o n t r o l  center  (MCC), the  S h u t t l e  M iss ion  Simulator  (SMS) 
complex, the f l i g h t  p l ann ing  and p repa ra t i on  f a c i l i t i e s  and o ther  da ta  hand l ing  systems are  necessary 
t o  p rov ide  a f u l l  r a t e  c a p a b i l i t y  f o r  f l i g h t  operat ions.  Support f o r  the Vandenberg launch s i t e ,  
i n c l u d i n g  p r o v i s i o n i n g  o f  abo r t  l a n d i n g  f a c i l i t i e s ,  i s  proceeding. 

P ropu l s i on  Systems prov ide  f o r  the p roduc t i on  o f  the Space S h u t t l e  main engine (SSPIE) and the  
development o f  the  c a p a b i l i t y  t o  suppor t  o p e r a t i o n a l  requirements es tab l i shed  f o r  the  SSME, s o l i d  
r ocke t  booster  (SRB), and e x t e r n a l  tank (ET). The SSME program inc ludes :  p roduc t i on  o f  the main 
engines necessary t o  o u t f i t  and p rov ide  spares f o r  the  o r b i t e r  f l e e t ,  ground t e s t i n g  i n  suppor t  of  
engine development, and an anomaly r e s o l u t i o n  c a p a b i l i t y .  The SRB p roduc t ion  and c a p a b i l i t y  
development a c t i v i t i e s  inc lude :  the  procurement o f  t o o l i n g  and equipment t o  suppor t  a f l i g h t  r a t e  o f  
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24 f l i g h t s  per year; a min imal  l e v e l  o f  se lec ted  s tud ies  t o  cont inue i n v e s t i g a t i v e ,  a n a l y t i c a l  and 
prob lem- solv ing a c t i v i t i e s ;  and, the  development and i n i t i a l  f l i g h t  hardware f o r  t he  f i l a m e n t  wound 
case. I n  the  ET program, the o b j e c t i v e s  a re  t o  improve the manufactur ing process and p rov ide  
manufactur ing t o o l i n g  and equipment t o  suppor t  t he  24 per  year f l i g h t  ra te .  Systems eng ineer ing  
suppor t  and SSME t e s t i n g  i n  the main p ropu l s i on  t e s t  a r t i c l e  c o n f i g u r a t i o n  are bo th  prov ided i n  systems 
support .  

Changes and Systems Upgrading p rov ides  funding f o r  p o t e n t i a l  changes and system m o d i f i c a t i o n s  as w e l l  
as unan t i c i pa ted  new requi rements n o t  covered i n  the  budget es t imates  f o r  the  above a c t i v i t i e s  and 
o ther  program elements. 
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BASIS OF FY 1987 FlNDING REQUIREMENT 

ORBITER 

1986 1987 
1985 Budget Cur ren t  Budget 

Ac tua l  Est imate Est imate Est imate 
m d s  o f  D o l l a r s )  

82,400 

128,600 

O r b i t e r  p roduc t ion  318,500 117,000 150,800 

182 , 800 

.................... 
Systems i n t e g r a t i o n  ................... 50, ZOO --- -- - --- 
O r b i t e r  spares........................ 305,500 - -- - 216 , 600 

Total............................... 674, ZOO 333,600 333,600 211,000 -- 

OBJECTIVES AND STATUS 

With the d e l i v e r y  o f  OV-104 ( A t l a n t i s )  i n  A p r i l  1985 and OV-102 (Columbia) i n  i t s  o p e r a t i o n a l  
c o n f i g u r a t i o n  i n  J u l y  1985, the  number o f  o r b i t e r s  a v a i l a b l e  for  f l i g h t  has been increased t o  four .  
O r b i t e r  p roduc t i on  a c t i v i t i e s  i n c l u d e  development and i n s t a l l a t i o n  o f  hardware improvements necessary 
t o  achieve o p e r a t i o n a l  c a p a b i l i t i e s ,  reduce o p e r a t i o n a l  costs ,  and meet system requi rements i n c l u d i n g  
improved on board genera l  purpose computers (GPC), i n e r t i a l  measurement u n i t s  (IMU) and a u x i l i a r y  
p ropu l s i on  u n i t s  (APU). Hardware f i x e s  are be ing  made t o  the  brakes and nose wheel s t e e r i n g  t o  improve 
l a n d i n g  performance. I n  a d d i t i o n ,  necessary miss ion  and m o d i f i c a t i o n  k i t s  requested for  s p e c i f i c  
f l i g h t s  and payloads are inc luded.  Other a c t i v i t i e s  cover f l i g h t  so f tware  development t o  accommodate 
hardware changes and miss ion  requirements.  The s t r u c t u r a l  spares program i n i t i a t e d  i n  FY 1983 
ma in ta ins  a cont inued p roduc t i on  c a p a b i l i t y  and improves the a b i l i t y  t o  r e p a i r  s t r u c t u r a l  elements i n  
the event o f  damage t o  one o f  the four o r b i t e r s .  F a b r i c a t i o n  o f  these major elements i s  underway and 
w i l l  con t inue  throughout  the  year. S t r u c t u r a l  assemblies i n c l u d e  the  wings, a f t  t h r u s t  s t r u c t u r e ,  
engine compartment, crew module ( i n c l u d i n g  the nose and c o c k p i t ) ,  mid and a f t  fuse lage sec t ions ,  
payload bay doors, v e r t i c a l  t a i l ,  and the  o r b i t a l  maneuvering system pods. 

The procurement and f a b r i c a t i o n  of the  o r b i t e r  spares i nven to ry  t o  suppor t  24 f l i g h t s  per year i s  
ongoing. A concer ted e f f o r t  has been made t o  b e t t e r  d e f i n e  the  spares requirements and p roduc t i on  
c a p a b i l i t y  a t  va r ious  vendors. A s tudy  i s  underway t o  determine l o g i s t i c s  depot and maintenance 
requirements.  An i n t e r i m  depot system i s  be ing  implemented u t i l i z i n g  NASA and con t rac to r  f a c i l i t i e s  
w h i l e  the s tudy i s  be ing  completed and a long- term c o n f i g u r z t i o n  i d e n t i f i e d .  
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-- CHANGES FROM FY 1986 BUDGET ESTIMATE 

Funding  f o r  o r b i t e r  p r o d u c t i o n  and s u p p o r t  a c t i v i t i e s  i n c r e a s e d  $33.8 m i l l i o n .  A d d i t i o n a l  f u n d i n g  
was r e q u i r e d  f o r  o p e r a t i o n a l  improvements  i n c l u d i n g  b r a k e  f i x e s ,  nose  wheel s t e e r i n g  improvements ,  
improved g e n e r a l  pu rpose  compu te r ,  a u x i l i a r y  p r o p u l s i o n  u n i t  d e s i g n  f i x e s ,  and improvement  t o  t h e  
o r b i t e r  waste c o l l e c t i o n  s y s t e m s .  A d d i t i o n a l  increases were t h e  r e s u l t  o f  s o f t w a r e  u p g r a d e s  and t h e  
d e f e r r a l  o f  remote  m a n i p u l a t o r  sys t em work from FY 1985 t o  FY 1986.  Funding f o r  s p a r e s  d e c r e a s e d  
$33.8 i n i l l i o n ,  i n c l u d i n g  a $35.0 m i l l i o n  r e d u c t i o n  i n  s t r u c t u r a l  s p a r e s  as  t h e  r e s u l t  o f  a 
c a n c e l l a t i o n  o f  t h e  a u g m e n t a t i o n  and r e s t r u c t u r i n g  o f  t h e  b a s i c  program implemented d u r i n g  1985.  

BASIS OF FY __-- 1987 ESTIHATE - 

FY 1987 f u n d i n g  p r o v i d e s  f o r  c o m p l e t i o n  o f  major  s t r u c t u r a l  components  as  s p a r e s  f o r  t h e  o r b i t e r  
f l e e t .  These  s t r u c t u r a l  components  i n c l u d e  e l e m e n t s  s u c h  as wings ,  ve r t i ca l  s t a b i l i z e r ,  crew module,  
p a y l o a d  bay doors ,  and a f t  t h r u s t  s t r u c t u r e .  These items are b e i n g  assembled  i n t o  v a r y i n g  s t a g e s  o f  
c o m p l e t i o n .  Ground s u p p o r t  equipment  and tes t  hardware  a r e  a l s o  b e i n g  p r o v i d e d  t o  s u p p o r t  KSC 
s y s t e m s .  Development e f f o r t s  w i l l  c o n t i n u e  on t h e  o r b i t e r  sy s t em improvements  begun i n  FY 1985 and FY 
1986. FY 1987 f u n d i n g  w i l l  a l s o  be u t i l i z e d  f o r  t h e  c o n t i n u a t i o n  and improvement  o f  f l i g h t  s o f t w a r e ,  
t h e  a c q u i s i t i o n  o f  n a v i g a t i o n a l  a i d s  f o r  t h e  t r a n s - A t l a n t i c  a b o r t  s i t e s ,  r e f u r b i s h m e n t  o f  t h e  r emote  
m a n i p u l a t o r  sys t em q u a l i f i c a t i o n  hardware  and t h e  development  o f  t h e  upgraded  g e n e r a l  p u r p o s e  
compu te r ,  and t h e  improved i n e r t i a l  measurement  u n i t .  

L o g i s t i c s  s u p p o r t  t o  t h e  S h u t t l e  program r e q u i r e s  t h e  l a y- i n  o f  o r b i t e r  i n i t i a l  s p a r e s  and ra te  
s p a r e s  t o  meet t h e  b u i l d u p  t o  a 24 p e r  y e a r  f l i g h t  ra te  and f o r  s u p p o r t  t o  ground p r o c e s s i n g  
o p e r a t i o n s  as t h e  f l e e t  s i z e  and f l i g h t  r a te  i n c r e a s e .  The f u n d i n g  f o r  o r b i t e r  s p a r e s  c o v e r s  n o t  o n l y  
t h e  c o s t  o f  3 s t a b l i s h i n g  an i n v e n t o r y  o f  o r b i t e r  f l i g h t  s p a r e s  and ground s u p p o r t  equipment  s p a r e s ,  
b u t  a l s o  t h e  l o g i s t i c s  s u p p o r t  t o  a n a l y z e  r e q u i r e m e n t s  and p r o c u r e  t h e s e  s p a r e s .  I n  a d d i t i o n ,  
m a i n t e n a n c e  test equipment  w i l l  b e  d e s i g n e d  and p r o c u r e d  t o  s u p p o r t  e s t a b l i s h m e n t  o f  d e p o t  m a i n t e n a n c e  
c a p a b i l i t i e s .  
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BASIS OF FY 1987 FUNDING REQUIREMENT ~- 

LAUNCH AND M I S S I O N  SUPPORT -- I---- 

1986 --- 1986 ~- 
Budget Cur ren t  Budget 1905 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  D w  

Launch s i t e  equipment ................. 104,300 56,700 59,700 44,50il 
Miss ion  suppor t  c a p a b i l i t y  ............ 64,700 64,309 72,800 72,600 ......... 43 900 

161,  OOG 

Miss ion  opera t ions  c a p a b i l i t y  49,100 42,900 - 36,500 2- 

---I_ 

163,900 - 169,000 
__I- 

218 100 -L Total............................ 

OBJECTIVES AND STATUS -- 

The f i r s t  l i n e  o f  f a c i l i t i e s  a t  KSC a c t i v a t e d  du r i ng  DDT&E suppor ts  the launch process ing and 
checkout o f  an o r b i t e r  from l a n d i n g  through launch. A second l i n e  o f  process ing s t a t i o n s  i s  be ing  
phased i n  t o  suppor t  p a r a l l e l  launch process ing o f  more than one o r b i t e r  through the  var ious  work 
areas. The second h i g h  bay o f  the O r b i t e r  Processing F a c i l i t y  (OPF) and the  second mob i le  launch 
P l a t f o r m  (MLP) were a c t i v a t e d  i n  l a t e  FY 1982 t o  suppor t  p a r a l l e l  process ing o f  two o r b i t e r s .  The 
second s e t  o f  h i gh  bays i n  the  v e h i c l e  assembly b u i l d i n g ,  the sof tware p roduc t i on  f a c i l i t y ,  and t he  
second c o n t r o l  room were a c t i v a t e d  i n  FY 1983 t o  enable p a r a l l e l  process ing through o r b i t e r  - ET 
mate. An SRB process ing and s torage f a c i l i t y  was a c t i v a t e d  i n  FY 1984 t o  f a c i l i t a t e  SRB hand l ing  
i n c l u d i n g  o f f - l o a d i n g  o f  segments from r a i l  cars,  segment r o t a t i o n  c a p a b i l i t y ,  s torage c a p a b i l i t y  f o r  
two f l i g h t  s e t s  (16 segments) and the assembly o f  SRB a f t  segments. As a r e s u l t  o f  the  second launch 
pad ' s  r ecen t  a c t i v a t i o n ,  p a r a l l e l  process ing i s  poss ib l e  from the s t a r t  o f  OPF f l o w  through launch. A 
t h i r d  MLP w i l l  be a c t i v a t e d  i n  l a t e  FY 1986 t o  h e l p  meet the  f l i g h t  r a t e  scheduled i n  1987 and 
beyond. F a c i l i t y  m o d i f i c a t i o n s  suppor t ing  the FY 1986 Centaur launches a re  near ing  complet ion. 

A lso  under Launch and Miss ion  Support a re  t he  necessary investments  a t  JSC t o  suppor t  24 f l i g h t s  per  
year.  Among these c a p a b i l i t i e s  are the a b i l i t y  t o  r a p i d l y  con f i gu re  the ground data hand l ing  system, 
encompassing miss ion  p lanning,  s imu la t ions ,  and f l i g h t  design. This i s  accomplished through the  
a c q u i s i t i o n  o f  an e l e c t r o n i c  data network, a d d i t i o n a l  hardware, and r e f i n e d  and expanded sof tware.  

Other investments  necessary t o  meet STS program o b j e c t i v e s  i nc l ude  u p r a t i n g  the  S h u t t l e  c a r r i e r  
a i r c r a f t  (SCA) engines t o  increase l o a d / f e r r y  range c a p a b i l i t y  and improve the l ong  term 
s u p p o r t a b i l i t y .  The uprated engines should e l i m i n a t e  t he  need f o r  an i n - f l i g h t  r e f u e l i n g  c a p a b i l i t y  
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from cont ingency l a n d i n g  s i t e s .  I t  a l so  i nc l udes  the  hardware d e l i v e r i e s  f o r  the e x t r a v e h i c u l a r  
m o b i l i t y  u n i t s  ( spacesu i t s ) ,  o ther  government f u rn i shed  c rew- re la ted  equipment, the  upg rade /capab i l i t y  
expansion o f  the miss ion  c o n t r o l  cen te r ,  the s e r v i c e  l i f e  ex tens ion  t o  r e f u r b i s h  a l l  T-38 a i r c r a f t ,  
and the  ongoing program t o  rep lace  and r e f u r b i s h  ag ing and obso le te  equipment. The l a t t e r  
i nco rpo ra tes  technology advances t o  so lve  maintenance and opera t ing  problems stemming from outdated 
hardware and sof tware subsystems t h a t  manufacturers can no longer  suppor t  wi th spares and v i a b l e  
ope ra t i ng  systems. A t  the same t ime, the  use o f  t h i s  advanced technology w i l l  pe rm i t  more r a p i d  
r e c o n f i g u r a t i o n  from f l i g h t  t o  f l i g h t ,  wi th cons iderab le  improvement i n  responsiveness t o  man i fes t  and 
requirements changes. 

CHANGES FROM FY 1986 BU)GET ESTIMATE 

The Launch and Miss ion  Support t o t a l  has increased by $5.1 m i l l i o n  s ince  the FY 1986 budget. The 
launch  s i t e  equipment increase o f  $3.0 m i l l i o n  i s  due, i n  p a r t ,  t o  increased cos t s  t o  complete Pad B 
and MLP-3 and the a d d i t i o n  of  a f l i g h t  readiness f i r i n g  t o  suppor t  the f i r s t  launch from Vandenberg i n  
1986. Also, a s a f i n g  and dese rv i c i ng  c a p a b i l i t y  has been added t o  the O r b i t e r  Maintenance and 
Refurbishment F a c i l i t y  (OMRF) i n  order  t o  a l l o w  o r b i t e r  veh i c l es  t o  proceed d i r e c t l y  from l and ing  t o  
the OMRF f o r  m o d i f i c a t i o n s  and r e p a i r  as w e l l  as the i n i t i a l  pos t  f l i g h t  checkout. M iss ion  ope ra t i ons  
c a p a b i l i t y  decreased by $6.4 m i l l i o n  p r i m a r i l y  due t o  the slower s t a r t  up o f  the  JSC equipment 
replacement and upgrading program. Miss ion  suppor t  c a p a b i l i t y  increased $8.5 m i l l i o n  due t o  increased 
pos t  f l i g h t  ana lys is .  

BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, the launch s i t e  equipment a c t i v i t y  i nc l udes  cont inued upgrade o f  the o p e r a t i o n a l  
in tercommunicat ions system connect ing a l l  major S h u t t l e  f a c i l i t i e s  a t  KSC. The c u r r e n t  system, 
i n s t a l l e d  f o r  the Apo l l o  program, f a l l s  s h o r t  i n  r e l i a b i l i t y  and c a p a b i l i t y  t o  suppor t  the  planned 
f l i g h t  r a t e  and i s  becoming i n c r e a s i n g l y  d i f f i c u l t  t o  mainta in .  The new system w i l l  use s ta te- o f- the-  
a r t ,  d i g i t a l  equipment and w i l l  i n t e r connec t  the f a c i l i t i e s  wi th a network o f  f i b e r  o p t i c  cab l ing .  
Also, du r i ng  FY 1987, major components o f  t he  launch process ing systems w i l l  undergo i n i t i a l  stages o f  
replacement. The c e n t r a l  data subsystem and the checkout, c o n t r o l  and mon i t o r i ng  subsystem c u r r e n t l y  
r e q u i r e  h i g h  l e v e l s  o f  maintenance, computer memory i s  near ing  l i m i t s ,  and some major components o f  
these subsystems are  no longer  commerc ia l ly  a v a i l a b l e  a t  reasonable costs .  I n  a d d i t i o n ,  the  OMRF w i l l  
be completed which w i l l  p rov ide  the  c a p a b i l i t y  f o r  o r b i t e r s  t o  undergo i n i t i a l  p o s t - f l i g h t  checkout 
immediately a f t e r  l and ing  w i t hou t  hav ing t o  i n t e r r u p t  the  pre- launch process ing underway i n  the 
O r b i t e r  Processing F a c i l i t y .  The OMRF i s  a l s o  planned as a dedicated area where o r b i t e r  m o d i f i c a t i o n s  
and needed r e p a i r s  can be conducted ou t s i de  the normal launch- to- launch process ing f l ow  s i nce  the 
Palmdale f a c i l i t y  w i l l  no longer  be equipped fo r  t h i s  purpose. Equipment from the  o r b i t e r  assembly 
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f a c i l i t y  a t  Pa lmda le  c o m p a t i b l e  w i t h  t h i s  new f a c i l i t y  w i l l  be moved t o  KSC f o r  u se  i n  t h e  OMRF. 
O the r  e f f o r t s  c o n t a i n e d  i n  t h e  l a u n c h  s i t e  equipment  b u d g e t  i n c l u d e  a d d i t i o n  o f  s t r u c t u r a l  
m o d i f i c a t i o n s  t o  b o t h  l a u n c h  p a d s  t o  p r o t e c t  t h e  o r b i t e r s  from r a i n  damage w h i l e  t h e y  are a w a i t i n g  
l a u n c h ,  c o n t i n u e d  s u p p o r t  t o  c o n t i n g e n c y  l a n d i n g  s i tes ,  and c o m p l e t i o n  o f  t h e  S h u t t l e  i n v e n t o r y  
management sys t em upgrade  (SIMS 11). 

Miss ion  s u p p o r t  c a p a b i l i t y  r e q u i r e m e n t s  c o n t i n u e  e s t a b l i s h i n g  an i n v e n t o r y  o f  crew equipment  
( p r i n c i p a l l y  e x t r a v e h i c u l a r  m o b i l i t y  u n i t s )  t o  s u p p o r t  t h e  24 p e r  y e a r  f l i g h t  r a t e  c a p a b i l i t y  and 
p o s t - o r b i t a l  f l i g h t  (OFT) t e s t i n g .  STS o p e r a t i o n s  e f f e c t i v e n e s s  work and o t h e r  s u p p o r t  f u n c t i o n s  
c o n t i n u e  t o  s u p p o r t  t h e  STS ach ievemen t  o f  program-wide r e q u i r e m e n t s  i n c l u d i n g  t h e  24 p e r  y e a r  f l i g h t  
r a te  c a p a b i l i t y .  

Mis s ion  o p e r a t i o n s  c a p a b i l i t y  f u n d i n g  i n  FY 1987 p r o v i d e s  f o r  c o m p l e t i o n  o f  m o d i f i c a t i o n s  t o  t h e  
f i x e d  and mot ion  b a s e  s i m u l a t o r s  a t  JSC, i n i t i a t i o n  o f  t h e  p r o j e c t  t o  r e- e n g i n e  t h e  SCA, and 
c o n t i n u a t i o n  o f  t h e  service l i f e  e x t e n s i o n  program o f  t h e  T-38 t r a i n i n g  a i r c ra f t .  FY 1987 f u n d i n g  
a l s o  p ~ r o v i d e s  f o r  r e p l a c e m e n t  o f  o b s o l e t e  and i n e f f i c i e n t  equipment  i n  t h e  m i s s i o n  c o n t r o l  c e n t e r  and 
t h e  S h u t t l e  m i s s i o n  s i m u l a t o r .  
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BASIS OF FY 1987 FUYDING REQUIREMENT 

PROPULSION SYSTEMS --__--- 

1986 1987 ---- 
1985 Budget c u r r e n t  Budget 

Ac tua l  Es t imate  Est imate Est imate 
-(-ds o f  

Main engine 419,000 357,500 336,200 293,200 
S o l i d  r ocke t  booster.................. 105,100 43,000 51,70G 17,600 
E x t e r n a l  tank......................... 60,500 53,300 63,800 27,600 

........................... 
Systems suppor t  ....................... 7,600 100 2,300 --- 

Total............................... 592,200 - -- 454,000 454, 000 338,400 - 

OBJECTIVES AND STATUS 
--__I_ 

Propu l s i on  Systems prov ides  f o r  the  p roduc t i on  o f  the Space S h u t t l e  main engines (SSME) and the 
implementat ion o f  t he  c a p a b i l i t y  t o  suppor t  o p e r a t i o n a l  requi rements es tab l i shed  f o r  the  SSME, s o l i d  
r o c k e t  booster  (SRB), and e x t e r n a l  tank (ET) .  The SSME program i nc l udes  the  p roduc t i on  o f  the main 
engines r e q u i r e d  f o r  the o r b i t e r  f l e e t ,  the  procurement o f  spares, ground t e s t i n g  ope ra t i ons  
development and c e r t i f i c a t i o n  a c t i v i t i e s  t o  improve ope ra t i ng  margins, r e l i a b i l i t y  and d u r a b i l i t y ,  and 
anomaly r e s o l u t i o n  c a p a b i l i t y .  The SRB program i nc l udes  t he  development and q u a l i f i c a t i o n  o f  the  
f i l a m e n t  wound case (FWC) s o l i d  r ocke t  motors, redes ign  o f  the hardware f o r  r e u s a b i l i t y  and 
o p e r a t i o n a l  c o s t  reduc t ions ,  and procurement o f  manufactur ing t o o l i n g  and equipment t o  suppor t  
f a b r i c a t i o n  and t r a n s p o r t a t i o n  a t  the  24 per  year f l i g h t  r a t e .  I n  the ET program, the o b j e c t i v e  i s  
e s t a b l i s h i n g  t he  manufactur ing c a p a b i l i t y ,  p r i m a r i l y  t o o l i n g  equipment and process improvements, t o  
suppor t  the 24 per  year f l i g h t  r a t e .  Systems suppor t  p r i m a r i l y  p rov ides  f o r  the t e s t i n g  o f  the  SSME 
i n  t he  main p ropu l s i on  t e s t  a r t i c l e  c o n f i g u r a t i o n  i n  a d d i t i o n  t o  p r o v i d i n g  systems i n t e g r a t i o n  
eng ineer ing  support .  

The main engines cont inued t h e i r  r eco rd  o f  e x c e l l e n t  f l i g h t  performance du r i ng  the e i g h t  1985 
f l i g h t s  of  the Shu t t l e .   engine performance was nominal  d u r i n g  a l l  f l i g h t s  except f o r  a premature 
engine shutdown on STS-51F r e s u l t i n g  from i ns t rumen ta t i on  f a i l u r e .  The t o t a l  SSME ground t e s t  
exper ience now exceeds 1,264 t es t s ,  t o t a l i n g  approx imate ly  258,000 seconds o f  t e s t  t ime. This 
exper ience i nc l udes  240 t e s t s ,  exceeding 51,000 seconds o f  opera t ion ,  a t  the f u l l  power l e v e l  (FPL). 
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Dur ing  the  course o f  FPL t e s t i n g  over the pas t  seve ra l  years, i t  became apparent t h a t  des ign  margins 
were inadequate f o r  r o u t i n e  FPL f l i g h t  ope ra t i on  and t h a t  t he  c u r r e n t  SSME c o n f i g u r a t i o n  r e q u i r e d  an 
unacceptable amount o f  maintenance a t  t h a t  power l e v e l .  Consequently, t he  SSME program was 
r e s t r u c t u r e d  i n t o  t h r e e  areas: (1) f l i g h t  support ,  ( 2 )  p roduct  improvement and ( 3 )  advanced 
development . 

The f l i g h t  support  element, i n v o l v i n g  bo th  p roduc t i on  and opera t ions ,  i s  charged w i t h  producing a l l  
engine hardware, conduct ing the  acceptance and f l i g h t  anomaly r e s o l u t i o n  t e s t s  which a re  d i r e c t l y  
r e l a t e d  t o  the f l i g h t  program, p r o v i d i n g  a l l  l o g i s t i c s  suppor t  ( i n c l u d i n g  engine/component overhau ls ) ,  
and conduct ing t h e  f l i g h t  read iness  assessments. 

The product  improvement element cont inues the  work begun i n  FY 1983 t o  reduce the  SSME opera t i ng  
cos ts  and increase the  SSME o p e r a t i n g  margins. Work t o  reduce the  ope ra t i ng  cos ts  i s  concentrated i n  
design m o d i f i c a t i o n s  t o  the h i g h  pressure  oxygen and hydrogen pumps. The t e s t i n g  o f  the m o d i f i c a t i o n s  
t o  the  two pumps i s  w e l l  underway and has shown good progress  toward ach isv ing  b e t t e r  pump l i f e .  
Mod i f i ed  design pumps are  expected t o  complete c e r t i f i c a t i o n  t e s t i n g  i n  March 1986 and w i l l  be phased 
i n t o  the f l e e t  beg inn ing i n  mid FY 1986. A redes ign o f  the  h o t  gas man i fo ld  i s  underway t o  p rov ide  
b e t t e r  f l o w  cond i t i ons ,  and hence lower r e s i s t a n c e  and lower pump loads.  These man i fo ld  changes w i l l  
be a v a i l a b l e  f o r  t e s t  i n  FY 1986 and f o r  subsequent i n t r o d u c t i o n  i n t o  the  f l e e t  beg inn ing i n  FY 1990 
d u r i n g  r o u t i n e  engine overhauls.  

The o b j e c t i v e  o f  the advanced development element i s  t o  assure a v i a b l e  technology program f o r  the 
development of SSME c l a s s  r o c k e t  engines, ( i .e.,  h i g h  t h r u s t ,  h i g h  performance, c ryogen ic  f u e l s )  and 
components; t o  p rov ide  an independent means t o  eva luate  the t z c h n i c a l  advances a r i s i n g  from the  
suppor t i ng  research and technology program by means o f  a technology testbed;  and t o  p rov ide  an 
a l t e r n a t i v e  saurce f o r  SSME hardware. Cont rac tor  s e l e c t i o n  f o r  the a l t e r n a t i v e  SSME hardware i s  
scheduled t o  be completed d u r i n g  FY 1986. 

The SRM FWC second development motor (3M-7) s t a t i c  t e s t  f i r i n g  was s u c c e s s f u l l y  t e s t e d  i n  A p r i l  
1985, and the  q u a l i f i c a t i o n  motor has been processed and i s  be ing  prepared f o r  s t a t i c  t e s t  i n  mid FY 
1986. The s t r u c t u r a l  t e s t  a r t i c l e  (STA-2A) success fu l l y  passed a l l  bu t  the  f i n a l  l oad  t e s t  cyc les .  
The t e s t  a r t i c l e  f a i l e d  a t  118.5% o f  engine i g n i t i o n  l i m i t  loads. Replacement t e s t  a r t i c l e s  are  be ing  
prepared f o r  repea t ing  t h i s  l oad  c y c l e  i n  February 1986. The f i r s t  f l i g h t  a r t i c l e s  d e l i v e r y  t o  
Vandenberg was completed by J u l y  1, 1985 i n  suppor t  o f  t h e  mid 1986 launch and the  A i r  Force need 
date. 

T r a n s i t i o n  t o  the p roduc t i on  mode i n  the ET prograin i s  w e l l  underway. Product ion  read iness  
a c t i v i t i e s  cont inue t o  smooth t h i s  t r a n s i t i o n  and favorab ly  improve p roduc t i on  c a p a b i l i t y .  
Rearrangement of  e x i s t i n g  t o o l s  and new t o o l s  t o  e l i m i n a t e  manufac tur ing  "choke p o i n t s"  and smooth the  
p roduc t i on  f low for t he  b u i l d u p  t o  24 tanks per year has been emphasized and i s  nea r ing  complet ion.  
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I n  systems support ,  p repa ra t i ons  a re  underway f o r  the t e s t  o f  t h ree  c l u s t e r e d  engines a t  f u l l  power 
l e v e l  i n  the  main p ropu l s i on  t e s t  s tand a t  NSTL i n  e a r l y  1986.  Th is  t e s t  w i l l  p rov ide  f o r  a 
v e r i f i c a t i o n  o f  the main p ropu l s i on  system opera t ions  a t  f u l l  power l e v e l  us ing  the  main p ropu l s i on  
system t e s t  hardware mounted i n  the  a f t  end o f  the  s imu la ted  o r b i t e r .  

CHANGES FROM FY 1986 6U)GET ESTIMATE 

The decrease i n  funding requirements w i t h i n  P ropu l s i on  Systems f o r  the main engine p r o j e c t  o f  $21.4 
m i l l i o n  i nc l udes  a rephasing o f  the two elements of the  SSME advanced development e f f o r t .  The s t a r t  
o f  the compe t i t i ve  program fo r  a l t e r n a t i v e  SSME hardware has been delayed t o  a l l ow  f o r  the  c o n t r a c t o r  
s e l e c t i o n  process which i s  scheduled f o r  complet ion i n  FY 1986.  To ma in ta i n  program balance, t he  
technology t e s t  bed has a l so  been rephased. I n  a d d i t i o n ,  the  decrease i n  c a p a b i l i t y  development 
r e f l e c t s  t he  r e s t r u c t u r i n g  o f  t he  main engine c o n t r a c t  cons i s ten t  with a c t u a l  use o f  spares and f l i g h t  
support .  This r e s u l t e d  i n  the t r a n s f e r  o f  some f l i g h t  support  and f l i g h t  hardware t o  operat ions.  The 
l i f e  improvement program increased i n  FY 1956 due t o  increased t e s t  requirements.  

-------- I_---- 

These decreases were p a r t i a l l y  o f f s e t  by the  inc rease  o f  $8.7 m i l l i o n  f o r  the SRM p r o j e c t  due t o  
development problems experienced on the  FWC program and a d d i t i o n a l  r e s i d u a l  development tasks  on t he  
SRB. ET funding requirements increased $10.5 m i l l i o n  as a r e s u l t  o f  the rephasing from p r i o r  years o f  
the  r a t e  t o o l i n g  requirements i n  accordancg w i t h  the  slower f l i g h t  r a t e  bu i ldup.  The increase i n  
systems suppor t  o f  $ 2 . 2  m i l l i o n  i s  a t t r i b u t e d  t o  the ex tens ion  t o  FY 1936 o f  the main p ropu l s i on  t e s t  
for  f u l l  power l e v e l  t e s t i n g .  Fo l l ow ing  complet ion o f  these t e s t s ,  t h e  main p ropu l s i on  t e s t  s tand 
w i l l  be converted t o  a s i n g l e  engine c a p a b i l i t y  t o  suppor t  the SSME development/product ion program. 

BASIS OF FY 1987 ESTIMATE 

I n  FY 1987, funding f o r  the SSME p rov ides  f o r  those a c t i v i t i e s  necessary t o  suppor t  the engine 
p roduc t ion ,  f l i g h t  schedules, and ground t e s t i n g .  Product  improvement t e s t i n g  w i l l  con t inue  as w i l l  
c e r t i f i c a t i o n  o f  new SSME component des ign mod i f i ca t i ons .  Other on-going a c t i v i t i e s  a l so  prov ided for  
with in  the SSNE budget es t imates  i n c l u d e  development and p roduc t i on  o f  the Block I1  c o n t r o l l e r ,  
anomaly r e s o l u t i o n  t e s t i n g ,  upda t ing  o f  the SSME hardware t o  the improved component c o n f i g u r a t i o n ,  and 
advanced development e f f o r t .  

--_-__--I-- ___ 

I n  the  SRB, e f f o r t s  w i l l  cont inue on the improvements t o  the t h r u s t  vec to r  c o n t r o l  system t o  prevent  
s a l t  water i n t r u s i o n  and t o  p rov ide  r a t e  t o o l i n g  t o  suppor t  the  2 4  per  year f l i g h t  r a t e  i n  FY 1989.  
The c o n s t r u c t i o n  o f  the new assembly and re furb ishment  f a c i l i t y  w i l l  be completed, and e f f o r t s  w i l l  
s t a r t  on the i n s t a l l a t i o n  o f  equipment. P r o d u c i b i l i t y  improvements w i l l  a l s o  con t inue  i n  order  t o  
reduce the turnaround t ime r e q u i r e d  f o r  assembly and re fu rb ishment  o f  boosters.  

I n  the ET program, enhancement o f  manufactur ing processes w i l l  con t inue  through p roduc t i on  readiness 
e f f o r t s .  The major t h r u s t  f o r  FY 1987 w i l l  be con t i nu ing  procurement and i n s t a l l a t i o n  o f  t o o l s  and 
equipment t o  suppor t  t he  bu i ld- up  t o  a p roduc t i on  r a t e  o f  2 4  per  year. 
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BASIS OF FY 1987 FINDING REQUIREMENT 

CHANGES AND SYSTEMS UPGRADING 

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  Dollars) 

Changes and systems upgrading ........ --- 25,000 15,000 35,000 

OBJECTIVES AND STATUS 

Management, t e c h n i c a l  f l i g h t  exper ience, and cos t  reviews o f  the  S h u t t l e  program have s t ressed  the 
need f o r  p r o v i d i n g  an adequate al lowance for  changes and m o d i f i c a t i o n s  which i n e v i t a b l y  a re  r e q u i r e d  
i n  a l a r g e ,  complex, and t e c h n i c a l l y  demanding space system. 

The Changes and Systems Upgrading budget represen ts  the  est imated requirement f o r  p o t e n t i a l  changes 
and systems m o d i f i c a t i o n s  and unan t i c i pa ted  developments which are n o t  inc luded  i n  the program element 
budget est imates. Such funds are necessary t o  p rov ide  f o r  programmatic and t e c h n i c a l  changes, such as 
m o d i f i c a t i o n s  t o  the o r b i t e r s  t o  improve f l i g h t  performance and system r e l i a b i l i t y ,  changes and 
upgrading o f  ground systems t o  reduce turnaround t ime between missions, and replacement/modification 
o f  hardware elements t o  achieve increased ope ra t i ng  economies. 

As the  changes and upgrading requi rements are i d e n t i f i e d  and approved, the  remain ing FY 1986 funds 
w i l l  be a l l o c a t e d  t o  the  app rop r i a te  budget a c t i v i t y .  

CHANGES FROM FY 1986 BU)GET ESTIMATE 

The FY 1986 ope ra t i ng  p l an  has a l l o c a t e d  $10 m i l l i o n  o f  Changes and Systems Upgrading. Within t h i s  
t o t a l ,  $5 m i l l i o n  was a l l o c a t e d  t o  suppor t  increased requirements i n  Launch and Miss ion  Support and $5 
m i l l i o n  was de le ted  as an a p p l i c a t i o n  of  the HUD-Independent Agencies App rop r i a t i on  Act, 1986. 
General  r educ t i on  f o r  Space F l i g h t ,  C o n t r o l  and Data Communications i s  cons i s ten t  w i th  d i r e c t i o n  i n  
t he  FY 1986 A u t h o r i z a t i o n  Act. 
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BASIS OF FY 1987 ESTIMATE ---- 

The funding requested f o r  FY 1987 w i l l  p rov ide  f o r  those changes which a re  considered t o  have the 
h i ghes t  p r i o r i t y .  The o b j e c t i v e s  are t o  improve r e l i a b i l i t y ,  i nc rease  ope ra t i ng  e f f i c i e n c y ,  and 
reduce costs .  Changes and upgrading areas o f  i n t e r e s t  i n c l u d e  m o d i f i c a t i o n s  t o  f l i g h t  and ground 
systems; des ign and development of ha rdwardso f twa re  systems which meet requirements f o r  improved 
safety ,  r e l i a b i l i t y ,  performance and cos t- e f fec t i veness ;  and changes which w i l l  reduce o p e r a t i o n a l  
c o s t s  by extending o p e r a t i o n a l  l i f e ,  by f a c i l i t a t i n g  improved miss ion- to-miss ion turnaround t ime, and 
by improv ing miss ion  performance margins. Change requi rements a re  expected t o  increase i n  FY 1987 as 
o p e r a t i o n a l  exper ience i s  gained w i t h  the  doub l ing  o f  the  FY 1985 f l i g h t  r a t e  t o  17 i n  FY 1987, with 
the i n i t i a l  exper ience o f  u t i l i z i n g  c a p a b i l i t i e s  such as the Centaur upper stage, w i th  i n i t i a l  
opera t ions  a t  the  Vandenberg launch s i t e ,  and as t h e  demands o f  suppo r t i ng  f ou r  o r b i t e r s  i n  p a r a l l e l  
process ing are r e a l i z e d .  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

SPACE TRANSPORTATION OPERATIC3NS ~- _ _ _ _ ~ - _ _ _ -  

1985 
Actua l  

F l i g h t  opera t ions  ................... 315,600 
F l i g h t  hardware..................... 722,900 
Launch and l and ing  opera t ions  --- 275 500 ....... 
Total............................... 1,314,000 - - 

D i s t r i b u t i o n  o f  by I n s t a l l a t i o n  
I_- 

Johnson Space Center.................. 395,700 
Kennedy Space Center.................. 277 , 900 
Marsha l l  Space F l i g h t  Center....,..... 624,500 
Nat i ona l  Space Technology Labora to r ies  --- 
Goddard Space F l i g h t  Center........... 1 ,200  
Langley Research Center............... 100 
Ames Research Center,................. 3,800 
Headquarters .......................... 10 , 800 

Total............................... -I---L-- 1 314 000 -~- -  

__-__ 1986 
Budqet Cur ren t  
~ - -  

Est imate Est imate 
.rh=ds o f  

425,200 435,000 
964,000 957,600 
--I_ 335,900 2-- 332 400 

- 1 , 725,000 - 1 725 100 LL 
I 

538 , 700 
313 , 800 
796 , 100 

--- 
1 ,100  

100 
3,100 

- 67,200 

539,800 
343,200 
813 , 000 

800 
1 , 400 

100 
4,900 

21 , 800 --- 

1987 
Budget Page 

Est imate - Number 

360 , 600 SF 2-3 
879 , 100 SF 2-7 
285, OOU - SF 2-9 

1 , 524,700 - 

350,000 
380,300 
739,900 

7UO 
1 , 200 

100 
2,800 

49 700 -L 

1,524,700 -- 
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OBJECTIVES AND STATUS 

S h u t t l e  Operat ions d i r e c t  appropr ia ted funding i s  combined w i t h  the  reimbursements f o r  standard 
s e r v i c e  rece ived from other  U.S. Government, commercial, and i n t e r n a t i o n a l  users  t o  suppor t  t h e  launch 
and f l i g h t  opera t ions  requirements o f  the  Space S h u t t l e .  Through 1985, 19 opera t iona l  S h u t t l e  
missions were s u c c e s s f u l l y  f lown. These miss ions demonstrated many o f  the S h u t t l e ' s  c a p a b i l i t i e s  
i n c l u d i n g  deployments o f  spacecraf t  and t h e i r  upper stages, s a t e l l i t e  r e p a i r s ,  s a t e l l i t e  r e t r i e v a l  and 
opera t ions  us ing the  remote manipulator ,  a dedicated Spacelab, ex t raveh icu la r  a c t i v i t y  operat ions,  a 
n i g h t  land ing,  and a widening of the S h u t t l e ' s  performance envelope. I n  FY 1386, 14 missions are  
scheduled t o  be flown, 17 are scheduled f o r  FY 1987, and 18 f l i g h t s  are  planned f o r  FY 1988. 

The F l i g h t  Operat ions a c t i v i t y  i s  d i v i d e d  i n t o  th ree  major elements: miss ion support,  i n t e g r a t i o n ,  
and support.  Miss ion support  i n c l u d e s  a wide v a r i e t y  o f  p lann ing a c t i v i t i e s  rang ing from o p e r a t i o n a l  
concepts and techniques t o  d e t a i l e d  systems o p e r a t i o n a l  procedures and c h e c k l i s t s .  I n t e g r a t i o n  
inc ludes  launch support  se rv i ces  and s u s t a i n i n g  eng ineer ing f o r  o r b i t e r  systems, cargo a n a l y t i c a l  
i n t e g r a t i o n ,  and systems i n t e g r a t i o n .  The support  element i nc ludes  base opera t iona l  support  a t  JSC 
and systems a c t i v i t y  a t  JSC, Headquarters, and the Goddard Space F l i g h t  Center. 

The F l i g h t  Hardware program element prov ides f o r  the procurement o f  e x t e r n a l  tanks (ET), s o l i d  
r o c k e t  motors, booster  hardware, and p rope l l an ts ;  spare components f o r  the  Space S h u t t l e  main engine 
(SSNE); o r b i t e r  spares; ET d isconnect  and SHB r a t e  gyros, l o g i s t i c s  support  f o r  the ET, SRB, and SSME 
f l i g h t  hardware elements; and maintenance and opera t ions  o f  f l i g h t  crew equipment. Inc luded i n  the  
funding request  f o r  tanks and boosters are  the l ong  lead  t ime raw mate r ia l s ,  subassemblies, and 
subsystems necessary t o  s u s t a i n  the  p roduc t ion  of  elements i n  a manner cons is ten t  w i t h  the  inc reas ing  
f l i g h t  r a t e .  

Launch and Landing Operations prov ides f o r  the pre- launch prepara t ion ,  launch, and land ing  
opera t ions  o f  the  S h u t t l e  and i t s  cargo. 

The Expendable Launch Veh ic le  (ELV) program prov ides f o r  the procurement o f  expendable launch 
v e h i c l e s  and launch support  serv ices.  The Department o f  Defense and the N a t i o n a l  Oceanic and 
Atmospheric Admin is t ra t i on  are con t inu ing  t o  u t i l i z e  the De l ta ,  Scout, A t l a s  and A t l a s  Centaur 
expendable launch v e h i c l e s  on a f u l l y  re imbursable basis.  There are  no d i r e c t  appropr ia ted fund 
requirements f o r  the Expendable Launch Veh ic les  program. The p r i v a t i z a t i o n  o f  these systems cont inues 
t o  be a c t i v e l y  pursued. 
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BASIS OF FY 1987 FUNDING REQUIREMENT 

FLIGHT OPERATIONS 

1986 1987 -- 
1985 Budset Cur rent  Budqet 

Ac tua l  Est imate Est imate Est imate -- 
(Thousands o f  D o l l a r s )  

Miss ion support  ....................... 155,5013 182,90O 197,600 117,003 

............................... 128,000 
I n t e g r a t i o n  ........................... 86,900 126,30U 125,300 115,600 
Support 73,200 llh,000 112,100 - 

360,600 ~- 435,000 -___ Total............,.................. I 315 , 600 425,200 

OBJECTIVES AND STATUS 

F l i g h t  opera t ions  i s  d i v i d e d  i n t o  th ree  major areas o f  a c t i v i t y :  miss ion support,  i n t e g r a t i o n  and 
support.  Miss ion support  i nc ludes  a wide v a r i e t y  o f  p lann ing  a c t i v i t i e s  rang ing from the development 
o f  o p e r a t i o n a l  concepts and techniques t o  d e t a i l e d  systems o p e r a t i o n a l  procedures and c h e c k l i s t s .  
Tasks inc lude  f l i g h t  p lanning,  p repara t ion  o f  systems and sof tware handbooks, f l i g h t  r u l e s ,  d e t a i l e d  
crew a c t i v i t y  p lans  and procedures, development and implementat ion o f  the  miss ion c o n t r o l  center  (MCC) 
and network system requirements f o r  each f l i g h t ,  and opera t ions  input t o  the p lann ing  f o r  the  
s e l e c t i o n  and opera t ion  o f  S h u t t l e  payloads. S p e c i f i c  f l i g h t  p lann ing  a c t i v i t y  encompasses the  f l i g h t  
design, f l i g h t  ana lys is ,  and sof tware a c t i v i t i e s .  F l i g h t  design products  i nc lude  conceptual  f l i g h t  
p r o f i l e s  and opera t iona l  f l i g h t  p r o f i l e s  which are  issued f o r  each f l i g h t  as w e l l  as support  t o  the 
crew t r a i n i n g  s imu la t i ons  and f l i g h t  techniques. The sof tware a c t i v i t i e s  i nc lude  the  devzlopment, 
fo rmula t ion ,  and v e r i f i c a t i o n  support  o f  the guidance, t a r g e t i n g ,  and nav iga t ion  systems sof tware  
requirements i n  the  o r b i t e r  and MCC. I n  a d d i t i o n ,  t he  f l igh t- dependent  data  l oca ted  i n  the  erasab le  
memory (mission-  to-mission changes) i s  developed i n  the f l i g h t  design process f o r  i n c o r p o r a t i o n  i n t o  
the  o r b i t e r  software, S h u t t l e  miss ion s imula tor ,  and MCC systems. I n t e g r a t i o n  i n c l u d e s  veh ic le ,  
payload and system i n t e g r a t i o n  and launch support  serv ices .  Support i nc ludes  base opera t ions  support  
t o  S h u t t l e  opera t ions  a t  JSC and systems l e v e l  support  a t  JSC, Headquarters, and Goddard. The Space 
T ranspor ta t i on  System opera t ions  c o n t r a c t  (STSOC), a c o n s o l i d a t i o n  o f  work c u r r e n t l y  be ing performed 
by 16 firms under 22 separate con t rac ts ,  has been awarded. This c o n t r a c t  i s  an i n c e n t i v e  fee c o n t r a c t  
s i m i l a r  t o  the SPC a t  KSC as i t  i s  miss ion o r i e n t e d  w i t h  fee de te rm ina t ion  based on cos t  management as 
w e l l  as performance. The STSOC c o n t r a c t o r  w i l l  be respons ib le  f o r  major func t ions  o f  such f a c i l i t i e s  
as the  MCC, S h u t t l e  Misss ion S imula tor  (SMS), S h u t t l e  Av ion ics  I n t e g r a t i o n  Laboratory (SAIL), Software 
Product ion  F a c i l i t y  (SPF), and the  Mockup and I n t e g r a t i o n  Laboratory (MAIL). 
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CHANGES FROM FY 1986 BIBGET ESTIMATE 

The F l i g h t  Operat ions d i r e c t  budget requirement increase o f  $9.8 m i l l i o n  r e f l e c t s  the  impact o f  a 
th ree  equ iva len t  f l i g h t  r e d u c t i o n  f o r  commercial customers i n  the  FY 1985 through FY 1988 timeframe. 
As a r e s u l t ,  the  a l l o c a t i o n  o f  reimbursements f o r  F l i g h t  Operat ions was reduced $21.9 m i l l i o n .  This 
increase was p a r t i a l l y  o f f s e t  by a $12.1 m i l l i o n  r e d u c t i o n  i n  t o t a l  funding requirements i n c l u d i n g  
s u s t a i n i n g  eng ineer ing and the a p p l i c a t i o n  o f  program reserve.  

BASIS OF FY 1987 ESTIMATE 

The F l i g h t  Operat ions p o r t i o n  o f  the  S h u t t l e  Operat ions budget cont inues t 3  support  t h a t  a c t i v i t y  
predominately assoc ia ted w i t h  the  e f f o r t  a t  JSC t o  p l a n  f o r  and conduct the  on- orb i t  p o r t i o n  o f  STS 
miss ions from launch t o  land ing.  Inc luded i n  t h i s  a c t i v i t y  i s  the  p r e - f l i g h t  p lann ing and miss ion 
design necessary t o  conduct and c o n t r o l  a success fu l  mission; maintenance and opera t ion  o f  onboard 
a v i o n i c s  so f tware  and miss ion c o n t r o l  systems; maintenance and opera t ion  o f  the t r a i n i n g  and f l i g h t  
p r o f i c i e n c y  a i r c r a f t  and f a c i l i t i e s  f o r  crew t r a i n i n g ;  i n t e g r a t i o n  o f  t he  o r b i t e r ,  payload, and STS; 
s u s t a i n i n g  engineer ing f o r  the o r b i t e r  and f l i g h t  opera t ions  systems; post  f l i g h t  data a n a l y s i s  and 
anomaly r e s o l u t i o n ;  and systems-wide management a c t i v i t i e s  r e q u i r e d  f o r  mature STS operat ions.  
Dur ing FY 1987, 17 f l i g h t s  w i l l  be supported. As a r e s u l t  o f  the  p r e - f l i g h t  p lann ing and i n t e g r a t i o n  
cyc le ,  FY 1987 a c t i v i t i e s  w i l l  i n c l u d e  the p lann ing  and t r a i n i n g  f o r  t he  18 f l i g h t s  i n  FY 1988 and the  
i n i t i a l  phases o f  the f l i g h t  design process fo r  the 24 f l i g h t s  i n  FY 1989. 

With implementat ion o f  the  conso l ida ted STS opera t ions  c o n t r a c t  (STSOC), t h e r e  has been a 
rea l ignment  o f  work among three F l i g h t  Operat ions categor ies- -mission support,  i n t e g r a t i o n ,  and 
support  as descr ibed below: 

Miss ion support  encompasses a l l  o f  the STSOC e f f o r t  funded i n  F l i g h t  Operations, per forming the 
f u n c t i o n s  d i r e c t l y  r e l a t e d  t o  f l i g h t  p repara t ion  and execut ion.  Major i tems no longer  i nc luded  are  
spacecra f t  sof tware (except  f l i g h t - t o - f l i g h t  r e c o n f i g u r a t i o n ) ,  a i r c r a f t  operat ions,  and the non-STSOC 
p o r t i o n  of engineer ing support ,  no tab ly  eng ineer ing analyses, m a t e r i a l s  and subsystem t e s t i n g ,  and 
pay load /o rb i te r  opera t ions  s a f e t y  r e l i a b i l i t y  and q u a l i t y  assurance. 

The tasks performed by theo STSOC c o n t r a c t o r  i n c l u d e  p r o j e c t  management, maintenance and operat ions,  
s u s t a i n i n g  engineer ing,  f l i g h t  p repara t ion  requirements and ana lys is ,  f l i g h t  p repara t ion  product ion ,  
and d i r e c t  miss ion opera t ions  and t r a i n i n g  support .  
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P r o j e c t  management i nc ludes  the  o v e r a l l  management func t ions  o f  p r o j e c t ,  resource, c o n f i g u r a t i o n ,  
i n fo rmat ion ,  and l o g i s t i c s  management; p l u s  c o n t r a c t  admin is t ra t i on ,  procurement, personnel,  s e c u r i t y ,  
sa fe ty ,  r e l i a b i l i t y ,  and q u a l i t y  assurance. 

Maintenance and opera t ions  inc ludes  c o n t r a c t o r  maintenance and opera t ions  se rv i ces  f o r  the STS major 
f a c i l i t i e s  and assets; i.e., m iss ion  c o n t r o l  center ,  Software Product ion  F a c i l i t y ,  f l i g h t  opera t ions  
t r a i n e r s  and crew s imula tors ,  S h u t t l e  Av ion ics  I n t e g r a t i o n  Laboratory,  and the f l i g h t  and t r a i n i n g  
p lann ing  f a c i l i t i e s .  

Susta in ing engineer ing inc ludes  anomaly i n v e s t i g a t i o n ,  requireinen t s  ana lys is ,  p lann ing,  and 
f e a s i b i l i t y  s tud ies ,  l e a d i n g  t o  design, development, i n t e g r a t i o n ,  and t e s t i n g  o f  improved hardware and 
sof tware  systems. The o b j e c t i v e s  are  t o  c o r r e c t  system d e f i c i e n c i e s ,  decrease opera t ing /secur i t y  
costs,  implement new NASA requirements, and ma in ta in  r e c o n f i g u r a t i o n  product ion  t o o l s  c o n s i s t e n t  wi th 
the f l i g h t  sof tware f o r  the same systems and f a c i l i t i e s  f o r  which the con t rac to r  has maintenance and 
opera t ions  r e s p o n s i b i l i e s .  

F l i g h t  p repara t ion  requirements and a n a l y s i s  i nc ludes  eng ineer ing and ana lys i s  support  f o r  the 
p repara t ion  . o f  each STS f l i g h t ,  i n c l u d i n g  f l i g h t  p r o f i l e  design and ana lys is ;  n a v i g a t i o n  f l i g h t  
p repara t ions ;  crew a c t i v i t y  p lann ing  t r a i n i n g  prepara t ion ;  systems support  ana lys is ;  and STS 
program, payload v e h i c l e  and schedul ing support ,  

F l i g h t  p repara t ion  p roduc t ion  inc ludes  genera t ing  the products requ i red  o f  STS f l i g h t s  as w e l l  as 
p o s t f l i g h t  products. The work s t a t i o n s  inc luded i n  t h i s  process are f l i g h t  design, f l i g h t  da ta  f i l e ,  
MCC, Software Product ion  F a c i l i t y ,  Trend Mon i to r ing  System, S h u t t l e  Miss ion Simulator ,  Mockup and 
I n t e g r a t i o n  Laboratory,  and S h u t t l e  Av ion ics  I n t e g r a t i o n  Laboratory.  P o s t f l i g h t  recons t ruc t i on ,  
i n c l u d i n g  the S h u t t l e  Telemetry Conversion F a c i l i t y  and d i s t r i b u t i o n  o f  p o s t f l i g h t  products, i s  
generated t o  serve engineer ing and management needs. 

D i r e c t  miss ion opera t ions  and t r a i n i n g  support  i nc ludes  the support  t o  and conduct o f  a l l  miss ion 
t r a i n i n g ,  the  f l i g h t  i n  r e a l  t ime, and the se lec ted  t e s t i n g  r e l a t e d  t o  miss ion c o n t r o l  and suppor t i ng  
opera t ions ,  SAIL opera t ions  support,  n a v i g a t i o n  system q u a l i t y  assessment, and Manipulator  Development 
F a c i l i t y  and l - G  t r a i n e r  and mockup operat ions.  

I n t e g r a t i o n  now inc ludes  spacecra f t  c r e a t i o n  i n  a d d i t i o n  t o  r e t a i n i n g  payload a n a l y t i c a l  
i n t e g r a t i o n ,  systems i n t e g r a t i o n ,  o r b i t e r  s u s t a i n i n g  design engineer ing,  and launch suppor t  serv ices ,  
which prov ides development c o n t r a c t o r  exper t i se  on- s i te  a t  the launch s i t e  f o r  pre- launch 
processing. Payload and systems i n t e g r a t i o n  assures compatab i l i t y ,  sa fe ty ,  and i n t e g r i t y  aaong a l l  
f l i g h t  elements, i n c l u d i n g  the v e r i f i c a t i o n  o f  i n t e r f a c e s .  O r b i t e r  sus ta in ing  design engineer ing 
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ensures v e h i c l e  m a i n t a i n a b i l i t y ,  r e l i a b i l i t y ,  and prov ides fo r  anomaly r e s o l u t i o n  du r ing  operat ions,  
as w e l l  as i d e n t i f i c a t i o n  o f  o p e r a t i o n a l  requirements and t h e i r  design s o l u t i o n s  f o r  improved f l i g h t  
sys tems . 

Support cont inues t o  inc lude:  base opera t ions  a c t i v i t i e s  r e l a t e d  t o  S h u t t l e  Operat ions; the  
" G e t a w 9  -- Spec ia l"  payload c a n i s t e r  p r o j e c t  managed by the Goddard Space F l i g h t  Center; Headquarters 
programs assessments f o r  agency-wide a c t i v i t i e s ;  and e f f o r t s  o f  the STS Program O f f i c e  associated 
ach iev ing program o b j e c t i v e s  such as the  planned f l i g h t  r a t e ,  schedule r e l i a b i l i t y ,  and management 
e f f i c i e n c i e s .  The major a d d i t i o n s  t o  t h i s  category are  a i r c r a f t  opera t ions  and the non-STSOC p o r t i o n  
o f  eng ineer ing support  such as engineer ing systems support  f u rn i shed  by araper Labs, crew and b i o -  
systems l a b o r a t o r i e s ,  and the White Sands Test F a c i l i t y .  
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BASIS OF FY 1987 FUNDING REQUIREMENT 

FLIGHT HARDWARE 
-I_- 

1986 - -- ----- 
1985 Budget Cur rent  

1987 
Budget 

Ac tua l  Est imate Est  i r n  a t e Est imate 
7Thousands o f  Dollars) 

Orbiter............................... 157,300 238,400 257,600 232,7UO 
S o l i d  rocke t  booster.................. 298,600 401,500 392,700 357,900 
E x t e r n a l  tank......................... 267,000 I--- 324 100 307,300 I 288,500 I 

Total............................... 722,900 964,000 957,600 879,100 -- 

OBJECTIVES AND STATUS 

The F l i g h t  Hardware program element prov ides f o r  the procurement o f  e x t e r n a l  tank (ET) and s o l i d  
rocke t  booster  (SRB) hardware, and p rope l l an ts ;  spare components f o r  t he  main engine (SSME) ; o r b i t e r  
spares i n c l u d i n g  ET d isconnects and SRB r a t e  gyros; s u s t a i n i n g  engineer ing and l o g i s t i c s  support  f o r  
ET/SRB/main engine f l i g h t  hardware elements; and maintenance and opera t ion  o f  f l i g h t  crew equipment. 
Inc luded i n  the funding request  f o r  tanks and boosters are  the  l o n g  lead  t ime raw mate r ia l s ,  
subassemblies, and subsystems necessary t o  s u s t a i n  the  p roduc t ion  o f  these elements i n  a manner 
c o n s i s t e n t  wi th the inc reas ing  f l i g h t  r a t e .  Product ion  phasing o f  these elements is based on the 
c u r r e n t  f l i g h t  t r a f f i c  model and i s  s t r u c t u r e d  t o  ma in ta in  a smooth and e f f i c i e n t  b u i l d u p  o f  t h e  
p roduc t ion  c a p a b i l i t y .  I n  the  ET, an e f f i c i e n t  and non- d is rup t i ve  p roduc t ion  process cont inues t o  be 
implemented which enables manufacturing, assembly, and checkout opera t ions  t o  proceed on a b a s i s  t h a t  
prov ides f o r  t i m e l y  d e l i v e r y  o f  f l i g h t  hardware t o  the launch s i t e .  The o r b i t e r  l i n e  element 
inc ludes:  o r b i t e r  spares f o r  replenishment o f  l i n e  and shop rep laceab le  u n i t s ,  t h e  manpower f o r  
suppor t ing  t h i s  l o g i s t i c s  opera t ion  and the r e p a i r  c a p a b i l i t y  f o r  f l i g h t  hardware; SSME overhauls, 
f l i g h t  support,  and procurement o f  replacement spare pa r t s ;  p r o v i s i o n  f o r  the f i x e d  l e v e l  o f  annual 
support  f o r  the l i q u i d  hydrogen p l a n t ;  and, rep laceab le  spares, f i e l d  support, and maintenance o f  
crew-related equipment. Some examples o f  o r b i t e r  spare equipment are f u e l  c e l l s ,  t i l e s  f o r  thermal  
p r o t e c t i o n ,  tape recorders,  l ead ing  edge support  s t ruc tu res ,  wheels, brakes and pyrotechnics.  The 
crew- re la ted equipment a c t i v i t i e s  i n c l u d e  support  t o  the p r e - f l i g h t  t r a i n i n g  and f l i g h t  usage o f  t h e  
e x t r a v e h i c u l a r  maneuvering uni t ,  emergency p o r t a b l e  oxygen systems, r a d i a t i o n  ins t rumenta t ion ,  
s u r v i v a l  rad ios ,  c l o s e d- c i r c u i t  t e l e v i s i o n  cameras, medical  support ,  and food and o the r  g a l l e y- r e l a t e d  
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i tems. The m a j o r i t y  o f  the crew equipment tasks have been conso l ida ted c o n t r a c t u a l l y  i n t o  the F l i g h t  
Equipment Processing Con t rac t  (FEPC). Boeing has been se lec ted as the  FEPC c o n t r a c t o r  and w i l l  
conso l i da te  the func t ions  p r e v i o u s l y  performed by 16 con t rac to rs .  T r a n s i t i o n  t o  the FEPC w i l l  beg in  
d u r i n g  FY 1966. 

CHANGES FROM FY 1986 BU)GET ESTIMATE 
-I_ 

D i r e c t  funding requirements f o r  F l i g h t  Hardware show a n e t  decrease o f  $6.4 m i l l i o n .  This i n c l u d e s  a 
$58.6 m i l l i o n  decrease i n  t o t a l  requirements o f f s e t  by a $52.2 m i l l i o n  increase r e s u l t i n g  from 
reduced commerical reimbursements. The change i n  t o t a l  requirements i nc ludes  decreases i n  the  SRE and 
ET p r o j e c t s  r e f l e c t i n g  savings be ing achieved under c u r r e n t  i n c e n t i v e  c o n t r a c t s  and rephased hardware 
d e l i v e r i e s  f o r  the th ree  f l i g h t  r e d u c t i o n  through FY 1988. The o r b i t e r  funding i s  increased t o  
r e f l e c t  t he  r e s t r u c t u r i n g  o f  t h e  main engine con t rac t .  Th is  r e s u l t e d  i n  a t r a n s f e r  from the S h u t t l e  
Product ion  and Operat iona l  C a p a b i l i t y  p r o p u l s i o n  budget t o  be cons is ten t  wi th the a c t u a l  use o f  spares 
and f l i g h t  support.  

BASIS OF FY 1967 ESTIMATE 
-I-- 

Requirements fo r  o r b i t e r  f l i g h t  spares, crew equipment spares, and l o g i s t i c s  a re  based on 
c a l c u l a t i o n s  i n v o l v i n g  f l i g h t  ra tes ,  maintenance schedules, o p e r a t i o n a l  hours, turnaround times, and 
lead  t imes t o  procure o r  r e p a i r  f l i g h t  harware. The budget prov ides replenishment l i n e  and shop 
rep laceab le  u n i t s ,  as w e l l  as the  manpower t o  support  t he  overhaul  and r e p a i r  a c t i v i t y  t o  suppor t  t he  
p r o j e c t e d  and f l i g h t  r a t e .  Main engine hardware prov ides fo r  manufactur ing and d e l i v e r y  o f  overhauled 
engines, engine component spares and f l i g h t  support.  F l i g h t  hardware requirements a c t i v i t y  f o r  the  
SRS and ET i n c l u d e  the procurement o f  the  m a t e r i a l s  and l a b o r  requ i red  f o r  re furb ishment  and 
f a b r i c a t i o n  o f  u n i t s  which w i l l  be f lown a f t e r  FY 1987, as w e l l  as the  support  o f  t he  p roduc t ion  o f  
u n i t s  which w i l l  be f lown i n  t h a t  year. 
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BASIS OF FY 1987 FUNDING REQUIREMENT --- 

LAUNCH AND LANDING OPERATIONS 
I__----__- 

1986 1987 
-_--_I 

1985 Budqet Cur rent  Budqet 
Ac tua l  Est imate Est imate Est imate  

(1 housands o f  D o l l a r s )  

..................... 245,800 

Payload and launch support  28,200 --L 39,600 -L 
Launch opera t ions  247,300 294,200 292,800 ............ 39 200 41 700 

285 000 2--- ~-- 332 400 I--- 335 900 A- __-- Total............................... 275,500 - - ~  

OBJECTIVES AND STATUS 

Launch and Landing Operations prov ides f o r  the launch p repara t ions  and the launch and land ing  
opera t ions  of the S h u t t l e  and i t s  cargo. The o r b i t e r ,  ET, SRS, SSME, and payloads a re  checked out ,  
i n teg ra ted ,  and launched from KSC a t  Cape Canaveral, F l o r i d a .  The SRB's are  r e t r i e v e d  from the 
A t l a n t i c  Ocean a f t e r  separa t ion  from the Shu t t l e .  S h u t t l e  l and ing  support  i s  fu rn i shed  a t  KSC and 
cont ingency land ing  s i t e s  as requ i red.  The major f a c i l i t i e s  used f o r  launch and land ing  opera t ions  
inc lude:  the  launch c o n t r o l  center ,  O r b i t e r  Processing F a c i l i t y ,  v e h i c l e  assembly b u i l d i n g ,  mobi le 
launch p la t fo rms ,  SRB processing and storage f a c i l i t y ,  payload processing f a c i l i t i e s ,  launch pads, and 
the S h u t t l e  l a n d i n g  f a c i l i t y .  

Funding f o r  Launch and Landing Operations prov ides the p r o p e l l a n t s  (exc lud ing SR3 p r o p e l l a n t s ) ,  
manpower and support  se rv i ces  r e q u i r e d  t o  accomplish the i n t e g r a t i o n  and processing o f  the  S h u t t l e  and 
i t s  payloads. Under launch opera t ions ,  manpower i s  provided t o  process, i n t e g r a t e ,  and check out  the 
o r b i t e r ,  ET, s o l i d  r o c k e t  motors and boosters,  and the SSME i n t o  the  proper launch c o n f i g u r a t i o n  
prepara tory  t o  each f l i g h t .  Support manpower i s  a l so  inc luded t o  conduct the  SRB r e t r i e v a l  
operat ions,  engineer ing support,  l o g i s t i c s ,  c e n t r a l  da ta  system support,  f a c i l i t y  and equipment 
mod i f i ca t i ons ,  spares procurement and the maintenance and opera t ion  o f  the ground systems, s t r u c t u r e s  
and equipment. Funding f o r  payload and launch support  p rov ides f o r  the processing and i n t e g r a t i o n  o f  
the payloads, p r o p e l l a n t s  fo r  launch opera t ions  and base support,  and S h u t t l e  l and ing  opera t ions  a t  
the Dryden F l i g h t  Research F a c i l i t y .  
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Cont rac tua l  arrangements a t  KSC which conso l i da te  r e s p o n s i b l i t y  and i n c e n t i v e s  based on performance 
have prov ided the framework f o r  ach iev ing a t r u l y  o p e r a t i o n a l  STS w i th  improved p r o d u c t i v i t y  and 
increased r e l i a b i l i t y .  The KSC base opera t ions  c o n t r a c t o r  has s u c c e s s f u l l y  completed i t s  second f u l l  
year o f  p r o v i d i n g  support  t o  S h u t t l e  programs as w e l l  as i n s t i t u t i o n a l  o rgan iza t ions  a t  KSC. The 
S h u t t l e  processing c o n t r a c t  (SPC) i s  an i n c e n t i v e  fee, miss ion- or iented c o n t r a c t  f o r  processing the 
STS b o t h  a t  KSC and a t  t he  Vandenberg launch s i t e  (VLS) i n  C a l i f o r n i a .  (The VLS a c t i v i t i e s  are funded 
by the  DOO.) The SPC has completed i t s  second year o f  opera t ions  a t  KSC and has s u c c e s s f u l l y  
processed and launched 10 missions, 8 o f  which were launched i n  FY 1985. I n  a d d i t i o n ,  t he  SPC 
i n i t i a t e d  processing o f  the o r b i t e r  Discovery i n  l a t e  FY 1985 f o r  i t s  f i r s t  launch from the VLS i n  
1986. 

CHANGES FROM FY 1986 BII)GET ESTIMATE _---- 
The Launch and Landing Operations d i r e c t  budget requirement decrease o f  $3.5 m i l l i o n  r e f l e c t s  an 

$18.4 m i l l i o n  increase as the r e s u l t  o f  reduced reimbursement o f f s e t  by a $21.9 m i l l i o n  r e d u c t i o n  i n  
t o t a l  funding requirements. The r e d u c t i o n  t o  t o t a l  funding inc ludes  reduced p r o p e l l a n t s  replenishment 
from the reduced FY 1985 f l i g h t s  and o p e r a t i o n a l  e f f e c i e n c i e s .  

BASIS OF FY 1987 ESTIMATE 

Launch opera t ions  funding i n  FY 1987 p rov ides  f o r  manpower and support  se rv i ces  necessary f o r  
processing the  15 launches from KSC. Th is  i n c l u d e s  manpower t o  process the  bu i ld- up o f  t he  SRB's, 
mate the boosters  and tanks; process the  o r b i t e r ;  mate the o r b i t e r  t o  the i n t e g r a t e d  SRB's and tank; 
process and checkout i n t e g r a t e d  f l i g h t  elements through launch; r e t r i e v e  the SRB's f o r  refurbishment;  
and support  l and ing  o f  the o r b i t e r  e i t h e r  a t  KSC o r  a t  a cont ingency land ing  s i t e  when requ i red.  
Funding a l s o  supports the  manpower requ i red  f o r  s u s t a i n i n g  engineer ing,  spares p rov i s ion ing ,  
l o g i s t i c s ,  launch processing system opera t ion  and maintenance, and maintenance/modif icat ions o f  a l l  
o ther  S h u t t l e- r e l a t e d  ground support  equipment and f a c i l i t i e s .  

Payload and launch support  funding prov ides p r o p e l l a n t s  f o r  launch opera t ions  and base support,  and 
con t rac to r  support  f o r  the  assembly o f  i n d i v i d u a l  payloads i n t o  a t o t a l  cargo. This element i n c l u d e s  
p r o v i d i n g  launch s i t e  support  managers t o  payload customers, v e r i f y i n g  cargo- to-orb i te r  i n t e r f a c e ,  and 
p r o v i d i n g  opera t ions  maintenance and l o g i s t i c  support  t o  cargo support  equipment such as cargo 
i n t e g r a t i o n  t e s t  equipment and mu l t i - m iss ion  payload support  equipment and t o  the payload support  
areas i n c l u d i n g  the V e r t i c a l  Processing F a c i l i t y ,  opera t ions  and checkout b u i l d i n g ,  and cargo 
hazardous s e r v i c i n g  f a c i l i t i e s .  Support requ i red  f o r  ma in ta in ing  the Dryden F l i g h t  Research F a c i l i t y  
as a contingency l a n d i n g  s i t e  i s  a l s o  inc luded.  
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TRACKING AND 
DATA 

ACQUISITION 



SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS 

FISCAL YEAR 1987 ESTIMATES 

OFFICE O f  SPACE TRACKING AND DATA SYSTEMS 

BUDGET !UNARY 

SPACE AND GROUND NETWORKS, COMMUNICATIONS AND DATA SYSTEMS 

S l M A R Y  OF RESOURCES 

1986 1987 
Current  Budget 1985 Budget Page 

~s t i i a  t e  Number Ac tua l  Est imate Est imate 
m d s  o f  

Space network......................... 378,300 4UO,8U0 286,300 374,300 SF 3-4 
Ground networks....................... 233,ZW 219,3OC1 223, 000 222,000 SF 3-9 
Communications and data systems..... .. 184,200 188,200 192,000 202,600 SF 3-1M 

TOTAL............................ 795, i o 0  

D i s t r i b u t i o n  of Program Amounts by I n s t a l l a t i o n  

Marsha l l  Space F l i g h t  Center.......... 17,687 27,900 29,200 29,30U 
Goddard Space F l i g h t  Center........... 429,446 365, UUC1 365,2UU 377,200 
J e t  Propu ls ion  Laboratory............. 108,402 124,800 122,200 128,200 
Ames Research Center.................. E l ,  545 11, 000 10,9b0 12,000 
Headquarters..... ..................... 231,470 279,600 173,800 252,200 
Johnson Space Center.................. 150 --- --- --- 

TOTAL............................... 795,700 808,300 701,300 798,900 
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SPACE FLIGHT, CONTROL A W  DATA CMUNICATIONS 

FISCAL YEAR 1987 ESTIMATES 

@FFPCE OF SPACE TRACKING AND DATA SYSTEMS SPACE AND GROUND NETWORKS, COMMUNICATIONS AND DATA SYSTEMS 

PROGRAM OBJECTIVES AND JUSTIFICATION 

The purpose o f  t h i s  program i s  t o  p rov ide  v i t a l  t rack ing ,  te lemet ry ,  command, data  a c q u i s i t i o n ,  
communications and data  process ing suppor t  t o  meet t h e  requirements o f  a l l  NASA f l i g h t  p r o j e c t s .  I n  a d d i t i o n  
t o  NASA f l i g h t  p r o j e c t s ,  suppor t  i s  p rov ided  on a re imbursable b a s i s  f o r  p r o j e c t s  o f  t h e  Department o f  
Defense (DOD), o the r  Government agencies, commercial f irms, and o t h e r  c o u n t r i e s  and i n t e r n a t i o n a l  
o rgan iza t ions  engaged i n  space research. 

Support i s  prov ided f o r  E a r t h  o r b i t a l ,  p l a n e t a r y  and s o l a r  system e x p l o r a t i o n  missions,  research a i r c r a f t ,  
sounding rocke ts  and ba l loons.  Inc luded  i n  E a r t h  o r b i t a l  suppor t  a re  t h e  Space Shu t t l e ,  Spacelab f l i g h t  
missions,  and Hubble Space Telescope. The va r ious  types o f  suppor t  p rov ided  inc lude:  (a )  t r a c k i n g  t o  
determine the  p o s i t i o n  and t r a j e c t o r y  o f  v e h i c l e s  i n  space; (b)  a c q u i s i t i o n  o f  s c i e n t i f i c  and space 
a p p l i c a t i o n s  data  from on-board experiments and sensors; ( c )  a c q u i s i t i o n  o f  eng ineer ing aata  on t h e  
performance of spacecra f t  and launch v e h i c l e  systems; (d)  r e c e p t i o n  o f  t e l e v i s i o n  t ransmiss ions from space 
veh ic les ;  ( e )  t ransmiss ion o f  commands from ground s t a t i o n s  t o  the  spacecra f t ;  ( f )  communication wi th  
astronauts;  (g )  t r a n s f e r  o f  i n f o r m a t i o n  between t h e  va r ious  ground f a c i l i t i e s  and c o n t r o l  centers;  and (h) 
process ing o f  da ta  acqu i red from the launch v e h i c l e s  and spacecraf t .  Such support  i s  e s s e n t i a l  f o r  
ach iev ing  the  s c i e n t i f i c  o b j e c t i v e s  o f  a l l  f l i g h t  missions, f o r  execut ing  t h e  c r i t i c a l  dec is ions  which must 
be made t o  assure the  success o f  these f l i g h t  missions,  and i n  the  case o f  S h u t t l e  missions, t o  ensure 
s a f e t y  o f  t h e  crew. 

Track ing and a c q u i s i t i o n  o f  da ta  f o r  t he  s p a c e f l i g h t  p r o j e c t s  i s  p r e s e n t l y  accomplished through t h e  use o f  
a worldwide network o f  NASA ground s t a t i o n s ,  and by t h e  f i r s t  o f  a system o f  t h r e e  t r a c k i n g  and data  r e l a y  
s a t e l l i t e s  i n  geosynchronous o r b i t  work ing w i th  a s i n g l e  h i g h l y  s p e c i a l i z e d  ground s t a t i o n .  Ground 
f a c i l i t i e s  a re  in terconnected by t e r r e s t r i a l  and communications s a t e l l i t e  c i r c u i t s  which a re  leased from 
communications c a r r i e r s ,  b o t h  domestic and fore ign.  This i n t e r c o n n e c t i o n  p rov ides  t h e  communications 
c a p a b i l i t y  needed between spacec ra f t  and t h e  c o n t r o l  cen te rs  from which t h e  f l i g h t s  are  d i rec ted .  

To meet the  suppor t  requirements l e v i e d  by t h e  wide v a r i e t y  and l a r g e  number o f  f l i g h t  p r o j e c t s ,  NASA has 
es tab l i shed  t h r e e  b a s i c  suppor t  c a p a b i l i t i e s  t o  meet t h e  needs o f  a l l  c lasses o f  NASA f l i g h t  
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missions. These a re  the  S p a c e f l i g h t  Tracking and Data Network (STDN), which suppor ts  E a r t h  o r b i t a l  
missions; t h e  Deep Space Network (DSN), which supports p l a n e t a r y  and i n t e r p l a n e t a r y  f l i g h t  missions;  and the  
Space Network i n c l u d i n g  the  Tracking and Data Relay S a t e l l i t e  System (TDRSS), which w i l l  p rov ide  a l l  low 
E a r t h  o r b i t a l  m iss ion  support  when i t  becomes f u l l y  opera t iona l .  

The STDN w i l l  p rov ide  E a r t h  o r b i t a l  suppor t  u n t i l  the  TDRSS becomes opera t iona l .  A t  t h a t  t ime t h e  STDN 
phasedown w i l l  cont inue with t h e  c l o s u r e  o f  s i x  ground s t a t i o n s .  This i s  p r e s e n t l y  planned f o r  mid-1986 and 
i s  based upon the  success fu l  launch and checkout o f  t h e  second TDRSS spacec ra f t  i n  January, 1986. Two STDN 
s t a t i o n s  ( M e r r i t t  I s l a n d  and Bermuda) w i l l  be r e t a i n e d  t o  p rov ide  prelaunch, launch and S h u t t l e  l a n d i n g  
support.  

The DSN, under the  management o f  t he  Set P ropu ls ion  Labora tory  (JPL), p rov ides  a s i n g l e  network t o  support  
geosynchronous, h i g h l y  e l l i p t i c a l ,  and p l a n e t a r y  and s o l a r  system e x p l o r a t i o n  missions,  as w e l l  as 
suppor t i ng  those spacecra f t ,  now i n  low-Earth o r b i t ,  which a r e  n o t  compat ib le w i t h  TDRSS. 

Computation f a c i l i t i e s  a re  main ta ined t o  p rov ide  rea l- t ime  i n f o r m a t i o n  f o r  m iss ion  c o n t r o l  and t o  process 
i n t o  meaningfu l  form the l a r g e  amounts o f  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and eng ineer ing data  which a r e  c o l l e c t e d  
from f l i g h t  p ro jec ts .  I n  a d d i t i o n ,  i n s t r u m e n t a t i o n  f a c i l i t i e s  are  p rov ided  f o r  suppor t  of sounding r o c k e t  
launch ings and f l i g h t  t e s t i n g  o f  a e r o n a u t i c a l  research a i r c r a f t .  

The Space F l i g h t ,  C o n t r o l  and Data Communications a p p r o p r i a t i o n  i n c l u d e s  t h e  Space Network, Ground 
Network, and Data Processing and Communications elements o f  t he  program, and p rov ides  funds fo r :  (a )  the  
c o s t  o f  TORSS serv ice ;  (b )  opera t ions  and maintenance o f  t h e  t rack ing ,  data  a c q u i s i t i o n ,  m iss ion  c o n t r o l ,  
da ta  process ing and communications f a c i l i t i e s ;  and ( c )  t h e  eng ineer ing se rv i ces  and procurement o f  equipment 
t o  s u s t a i n  and modify the  va r ious  systems t o  suppor t  cont inu ing,  new, and changing f l i g h t  p r o j e c t  
requirements. 

CHANGES FROM FY 1966 BWGET ESTIMATES 

The c u r r e n t  es t imate  f o r  FY 1986 i s  $701,300 which i s  $107 m i l l i o n  below the  budget es t imate  and 
represents  a r e d u c t i o n  i n  the  payment t o  the  Federa l  F inanc ing Bank (FFB) fo r  t he  TDRSS c o n s i s t e n t  with 
Congressional  d i r e c t i o n .  Within the $701.3 m i l l i o n  l e v e l ,  adjustments have been made t o  p rov ide  f o r  the  
opera t ion  o f  t h e  STDN s t a t i o n s  i n t o  mid 1986. These and o the r  adjustments are  addressed i n  subsequent 
s e c t i o n s  o f  the  program j u s t i f i c a t i o n .  
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BASIS W FY 1987 FUNDING REQUIREMENTS 

SPACE NETWORK 

1986 1987 
1985 Budqet Cur ren t  Budqe t 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  Dollars) 

Track ing  and data r e l a y  s a t e l l i t e  
system (TDRSS). ..................... 316,6ULl 335,6c10 218,100 301, 500 

Space network operations.............. 36,151 37,100 40,500 43,700 
Systems engineer ing and support..... .. 25,549 28,lOcl 27,700 29, lob 

TOTAL............................... 378,300 400,800 286,300 374,300 

OBJECTIVES AND STATUS 

The Space Network c o n s i s t s  o f  the  Track ing and Data Relay S a t e l l i t e  System (TDRSS) and a number o f  NASA 
ground elements t o  p rov ide  the  necessary t rack ing ,  te lemet ry ,  command, and communication se rv i ces  t o  low 
E a r t h  o r b i t a l  spacecraf t .  The TDRSS i t s e l f  w i l l  c o n s i s t  o f  a t h r e e - s a t e l l i t e  system, i n c l u d i n g  an on- o rb i t  
spare, a l l  i n  geosynchronous o r b i t  and a s i n g l e  ground t e r m i n a l  l o c a t e d  a t  White Sands, New Mexico. The 
s a t e l l i t e s  communicate with the  user spacecra f t  i n  space and r e l a y  i n f o r m a t i o n  t o  and from the  ground 
t e r m i n a l  . From the  ground te rmina l ,  s a t e l l i t e  and ground communication l i n k s  i n te rconnec t  the  NASA' elements 
o f  the  network and any remote ly  l o c a t e d  user f a c i l i t i e s .  

The FY 1987 request  inc ludes  fund ing  for: repayment o f  t he  loans  extended by the Federa l  F inanc ing  Bank 
(FFB) f o r  TDRSS development; payments t o  the TDRSS c o n t r a c t o r  f o r  TORSS se rv i ces  and fo r  maintenance and 
ope ra t i on  o f  t he  White Sands complex; manpower and se rv i ces  necessary t o  operate and ma in ta in  t h e  o the r  NASA 
elements o f  t he  network; and systems engineering, equipment replacement, engineer ing analyses and o the r  
suppor t  a c t i v i t i e s  such as miss ion  p lann ing  and documentation. 

Funding is a l s o  inc luded t o  con t inue  s t u d i e s  and analyses f o r  assur ing  the a v a i l a b i l i t y  o f  TDRSS suppor t  
beyond the  c u r r e n t  TDRSS c o n t r a c t  p e r i o d  which ends i n  1993. By t h a t  time, g iven  the  p r o j e c t e d  TDRS 
spacecra f t  l i f e t i m e s ,  t he  e x i s t i n g  TDRS replacement spacecra f t  w i l l  have been launched. I n  a d d i t i o n ,  
l i m i t a t i o n s  on the  present  system associated with t h e  ground s t a t i o n  a t  White Sands, New Mexico d i c t a t e  t h a t  
a backup c a p a b i l i t y  i s  u r g e n t l y  needed for  t h a t  p o r t i o n  o f  t he  system. Three a d d i t i o n a l  spacecra f t  and a 
second ground t e r m i n a l  w i l l  be r e q u i r e d  t o  p rov ide  TDRSS se rv i ces  through the  1990's. 
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1986 1987 
1985 Budget Cur ren t  Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  Dollars) 

Track ing  and data r e l a y  
s a t e l l i t e  system. ................... 316 , 6111, 335 , 60b 21tj,l110 3O1,50CJ 

OBJECTIVES AH) STATUS 

The Track ing and Data Relay S a t e l l i t e  System (TDRSS) o b j e c t i v e  i s  t o  p rov ide  communication se rv i ces  
between the  user spacecra f t  and ground f a c i l i t i e s .  The Track ing and Data Relay S a t e l l i t e s  (TORS) p rov ide  
space-to-space communications t o  and from the user  s a t e l l i t e s  and r e l a y  these communications t o  the  ground 
v i a  a s i n g l e  ground t e r m i n a l  which i s  in te rconnec ted  with the  o the r  elements o f  t he  Space Network. From 
t h e i r  p o s i t i o n  i n  geosynchronous o r b i t ,  t he  TDRS can p rov ide  n e a r l y  a s i x - f o l d  inc rease i n  the  o r b i t a l  
coverage prov ided by t h e  e x i s t i n g  complex o f  ground s t a t i o n s  and can accommodate ext remely h i g h  user  da ta  
r a t e s  rang ing  up t o  300 megabits per second. 

The TDRS-1 was launched i n  A p r i l  1983, b u t  due t o  an upper stage f a i l u r e  was d e l i v e r e d  t o  an i n c o r r e c t  
o r b i t .  Subsequently, through a sequence o f  complex maneuvers, t he  spacecra f t  was p laced i n t o  i t s  nominal 
o r b i t .  Since t h a t  t ime, i t  has supported S h u t t l e  missions, i n c l u d i n g  Spacelabs, and f r e e  f l y e r  miss ions 
i n c l u d i n g  So la r  Maximum M i s s i o n  (SMM) , Ear th  Rad ia t i on  Budget S a t e l l i t e  (ERBS), Landsat, and So la r  
Mesopheric Exp lo rer  (%E). Problems wi th  the  spacecra f t  t i m i n g  c i r c u i t r y  l e d  t o  c a n c e l l a t i o n  o f  the  secon’d 
TDRS launch t h a t  was scheduled f o r  e a r l y  1985. M o d i f i c a t i o n s  have been made t o  a l l  remain ing spacecra f t  t o  
c o r r e c t  the  problem, and the launches o f  t he  second and t h i r d  spacecra f t  a re  c u r r e n t l y  scheduled f o r  January 
and J u l y  1986, respec t i ve l y .  TDRS-1 w i l l  become the  on- orb i t  spare when the  two newly launched spacecraf t  
achieve o p e r a t i o n a l  s ta tus .  

CHANGES FROH FY 1986 W G E T  ESTIMATE 

The n e t  decrease o f  $117.5 m i l l i o n  i nc ludes  a $1U7 m i l l i o n  r e d u c t i o n  i n  the  payment o f  p r i n c i p a l  on the  
TDRSS loans t o  the  FFE cons i s ten t  with Congressional d i r e c t i o n .  The balance o f  t he  r e d u c t i o n  r e s u l t e d  from 
adjustments i n  launch and p roduc t i on  schedules due t o  the  delay i n  the  launch o f  the  second and t h i r d  
spacecraf t .  

BASIS OF FY 1987 ESTIMATE 

Under t he  terms o f  the  TDRSS s e r v i c e  con t rac t ,  loans  were extended by t h e  Federa l  F inanc ing  Bank (FFB) t o  
the  Space Communication Company (SCC), t h e  owner-operator o f  t he  TORSS, f o r  program 
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development. Under the  terms o f  t h e  l o a n  agreement and assignment, NASA repays these loans  d i r e c t l y  t o  the  
FFB. I n  add i t i on ,  NASA w i l l  make payments t o  SCC fo r  TDRSS se rv i ces  f o r  maintenance and opera t ion  of t h e  
White Sands Ground Terminal  and o the r  suppor t  t o  be p rov ided  d u r i n g  the  year. Cur rent  p lann ing  p rov ides  f o r  
launch o f  t h e  i n i t i a l  f ou r  spacec ra f t  u s i n g  t h e  I U S  and t h e  launches o f  t h e  two subsequent spacecra f t  u s i n g  
an upper stage t o  be c o m p e t i t i v e l y  procured. A c t i v i t i e s  assoc ia ted wi th  i n t e g r a t i n g  the  f o u r t h  TDRS with an 
upper stage are planned f o r  i n i t i a t i o n  i n  FY 1986 and w i l l  cont inue i n  FY 1987. 

O f  t h e  amount requested i n  FY 19tr7, approximately $227 m i l l i o n  i s  f o r  l o a n  repayments t o  the  FFB f o r  TDRSS 
development. Approximately $50 m i l l i o n  of t h e  request  p rov ides  f o r  TDRSS s e r v i c e  payments, TORSS 
i n t e g r a t i o n  with an upper stage and o the r  changes and support  a c t i v i t i e s .  Another $24 m i l l i o n  i s  i n c l u d e d  
i n  t h e  request  f o r  t h e  maintenance and opera t ion  o f  t he  White Sands Ground Terminal. These es t imates  a r e  
p red ica tea  upon the success fu l  launch and checkout o f  a second and t h i r d  spacecra f t  i n  1966. 

1986 1987 
1985 Budqet Cur rent  Budae t 

A c t u a l  Es t imate  E s t  ima t e  E s t  G a t e  
.(Thousanbs o f  Dollars) 

Space network operations........ ....... 36,151 37,100 40,500 43,700 

OBJECTIVES AND STATUS 

The o b j e c t i v e  of Space Network Operat ions i s  t o  p rov ide  f o r  t h e  opera t ion  and maintenance o f  t h e  
assoc ia ted NASA ground systems and f a c i l i t i e s  which, when combined with TDRSS, p rov ide  a f u l l  a r r a y  of 
r e l i a b l e  t r a c k i n g ,  te lemet ry ,  command, and communication se rv i ces  t o  user spacecra f t  i n  low-Earth o r b i t .  
Each of these NASA elements per form s p e c i f i c  f u n c t i o n s  f o r  t h e  Space Network. 

The NASA Ground Terminal  (NGT) moni tors  TDRSS performance, p rov ides  f a u l t  i s o l a t i o n  m o n i t o r i n g  f o r  t h e  
network, and serves as t h e  communications i n t e r f a c e  between White Sands and a l l  o t h e r  f a c i l i t i e s .  The 
Network C o n t r o l  Center (NCC) schedules TDHSS s e r v i c e s  f o r  a l l  user spacecra f t ,  and t h e  F l i g h t  Dynamics 
F a c i l i t y  (FDF) p rov ides  o r b i t  de terminat ion ,  t r a j e c t o r y  ana lys is ,  and p o s i t i o n  l o c a t i o n  f o r  f l i g h t  miss ions 
supported by the  Space Network and f o r  se lec ted  miss ions supported by t h e  DSN. The B i l a t e r a t i o n  Ranging 
Transponder System (BRTS) p rov ides  p r e c i s i o n  p o s i t i o n  l o c a t i o n  and o r b i t  de te rm ina t ion  i n f o r m a t i o n  for  t h e  
TDRS. The S imu la t i on  Operat ions Center (SOC) and t h e  C o m p a t i b i l i t y  Test  Vans ( C T V )  p rov ide  necessary pre-  
launch t e s t i n g ,  s imula t ions ,  and i n t e r f a c e  v e r i f i c a t i o n  f o r  b o t h  user spacecra f t  and t h e  v a r i o u s  network 
elements t o  assure the  o p e r a t i o n a l  read iness o f  t he  network t o  support  a g i ven  mission. 
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The i n d i v i d u a l  elements a r e  designed t o  f u n c t i o n  as an i n t e g r a t e d  o p e r a t i o n a l  system. Cur ren t l y ,  t h e  
o v e r a l l  system i s  p r o v i d i n g  s e r v i c e  t o  a v a r i e t y  of missions,  i n c l u d i n g  S h u t t l e  and Spacelab, as p r e v i o u s l y  
noted. E f f o r t  i s  a l s o  c o n t i n u i n g  on ach iev ing an o p e r a t i o n a l  c o n f i g u r a t i o n  t h a t  w i l l  be capable o f  
suppor t i ng  an expanded workload i n  t h e  l a t e  1980's. 

CHANGES FRM FY 1986 ESTIMATE 

The increase o f  $3.4 m i l l i o n  i s  necessary t o  cont inue t o  meet the  o p e r a t i o n a l  support  requirements i n  the 
Space Network due t o  the  delay o f  the  TDRSS program. 

BASIS OF FY 1987 ESTIMATE 

The funding request  p rov ides  f o r  c o n t r a c t o r  personnel  t o  operate t h e  network systems 24 hours p e r  day, 
seven days per week, and f o r  the  r e l a t e d  hardware and sof tware  maintenance. Funding a l s o  p rov ides  f o r  a 
v a r i e t y  o f  support  a c t i v i t i e s  such as o p e r a t i o n a l  analyses, miss ion p lann ing  and documentation. I n  a d d i t i o n  
t o  the  miss ions c u r r e n t l y  be ing  supported by t h e  Space Network, t h e  support  workload w i l l  i nc rease  
s i g n i f i c a n t l y  i n  FY 1Vb7 w i th  the  launch o f  t he  Hubble Space Telescope. 

1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  

Systems eng ineer ing and support....... 25,549 28,100 27,700 29,100 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  Systems Engineer ing and Support i s  t o  p rov ide  the  eng ineer ing s e r v i c e s  and hardware 
r e q u i r e d  t o  s u s t a i n  and modi fy the  NASA elements o f  t he  Space Network. Engineer ing se rv i ces  are  s u p p l i e d  
through b o t h  the  maintenance and opera t ions  c o n t r a c t  and a number o f  smal l ,  h i g h l y  s p e c i a l i z e d  eng ineer ing 
s e r v i c e  cont rac ts .  

P repara t ions  a re  underway t o  assure ground system readiness fo r  t he  two upcoming launches and f o r  f u l l  
network opera t ion  once t h e  t o t a l  complement o f  t h r e e  TDRS's, i n c l u d i n g  t h e  on- orb i t  spare, a r e  
opera t iona l .  There i s  a l s o  c o n t i n u i n g  a c t i v i t y  t o  s u s t a i n  system r e l i a b i l i t y  f o r  c u r r e n t  users  as w e l l  as 
p repara t ions  t o  meet upcoming support  requirements. I n  t h e  Network C o n t r o l  Center (NCC) d i sp lay ,  p rocess ing 
and communication equipment i s  be ing rep laced and sof tware  development i s  underway t o  improve TDRSS user 
access and o p e r a t i o n a l  r e l i a b i l i t y .  A t  t he  Network Ground Terminal  (NGT), t h e r e  i s  a c o n t i n u i n g  e f f o r t  t o  
automate f u n c t i o n s  t o  improve o p e r a t i o n a l  r e l i a b i l i t y  and t o  achieve opera t ing  e f f i c i e n c i e s .  P r e l i m i n a r y  
e f f o r t ,  assoc ia ted wi th  the  implementat ion o f  a second ground t e r m i n a l  f o r  t he  TDRSS, i s  a l s o  underway. 
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W G E S  FROM FY 1986 ESTIMATE 

The d e c r e a s e  o f  $.4 m i l l i o n  ref lects  minor r e d u c t i o n s  i n  c o n t r a c t o r  s u p p o r t  r e l a t e d  t o  NCC systems 
e n g i n e e r i n g .  

WSIS OF FY 1987 ESTIMATE 

Funds r e q u e s t e d  w i l l  p r o v i d e  f o r  e n g i n e e r i n g  s u p p o r t  i n  t h e  areas of  systems e n g i n e e r i n g ,  performance and 
o p e r a t i o n s  a n a l y s e s ,  minor f a c i l i t y  m o d i f i c a t i o n s ,  network i n t e g r a t i o n  t e s t i n g  and i n t e r f a c e  v e r i f i c a t i o n ,  
s u s t a i n i n g  e n g i n e e r i n g  s u p p o r t ,  test  equipment ,  and vendor maintenance f o r  s p e c i a l i z e d  equipment and 
subsystems w i t h i n  t h e  Space Network. Design and a n a l y t i c a l  s t u d i e s  w i l l  be conducted on a wide array of 
items r a n g i n g  from subsys tem m o d i f i c a t i o n s  t o  meet new miss ion  r e q u i r e m e n t s  o r  t o  c o r r e c t  system 
d e f i c i e n c i e s  t o  t h e  a n a l y s i s  o f  t h e  r a d i o  f requency  environment f o r  p o t e n t i a l  impact  on TDRSS and o t h e r  
network systems. Funds are a l s o  r e q u e s t e d  f o r  con t inued  s o f t w a r e  development f o r  t h e  NCC and ongoing 
hardware implementa t ion ,  r ep lacement  and m o d i f i c a t i o n .  

The FY 1987 fund ing  r e q u e s t  w i l l  s u p p o r t  d e f i n i t i o n  a c t i v i t i e s  which w i l l  l e a d  t o  implementa t ion o f  a 
second ground t e r m i n a l  t o  be l o c a t e d  i n  t h e  v i c i n i t y  o f  White Sands,  New Mexico. C o n s t r u c t i o n  o f  a second 
ground t e r m i n a l  w i l l  be i n i t i a t e d  i n  1987 from t h e  CofF a p p r o p r i a t i o n .  Exper ience  t o  d a t e  w i t h  t h e  e x i s t i n g  
t e r m i n a l  i n d i c a t e s  t h a t  t o  m a i n t a i n  c o n t i n u i t y  o f  service over  an extended p e r i o d  o f  time, a backup t o  t h e  
e x i s t i n g  White Sands Ground Terminal  (WSGT) is e s s e n t i a l  t o  e l i m i n a t e  a c r i t i ca l  s i n g l e  p o i n t  o f  fa i lure  i n  
t h e  c o n t r o l  and s u p p o r t  o f  s p a c e  programs. 
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BASIS FOR FY 1987 W I N G  REQUIRMENTS 

GROUND NETWORKS 

Space f l i gh t  t r a c k i n g  and data 
network systems implementation....... 

Space f l i gh t  t r a c k i n g  and data 
network operations....... ............ 

Deep space network systems 
implementation....... ................ 

Deep space network operations......... 
Aeronautics, ba l loons,  and sounding 

rocke t  support  systems implementat ion 
Aeronautics, ba l loons,  and sounding 

rocke t  support  operations............ 

1985 
Ac tua l  

6,4W 

91,447 

37,100 
77,661 

8,965 

11,627 

233,200 

1986 
Budget Current  

Est imate Est imate 
(Thousands o f  Dollars) 

2,700 3 ,000 

58,700 60,40U 

44,400 44,4uu 
8&, 9U0 88,900 

11,400 11,4UO 

13,20U 14,900 

219,300 223,000 

1987 
Budget 

Est imate 

3,400 

53,000 

44,000 
94, l O l i  

11,2b0 

16,300 

222,000 

OBJECTIVES AND STATUS 

As of January 1, 1986, the Ground Networks inc luded  the  Space f l i gh t  Track ing and Data Network (STDN), 
c o n s i s t i n g  of  n i n e  geograph ica l l y  d ispersed ground s t a t i o n s  which support  Ea r th  o r b i t a l  missions;  t h e  Deep 
Space Network (DSN) c o n s i s t i n g  o f  t h ree  s t a t i o n s  approximately 120 degrees apar t  i n  long i tude ,  which support  
p l ane ta r y  and s o l a r  system f l i g h t  miss ions and some Ea r th  o r b i t a l  missions;  and i ns t r umen ta t i on  f a c i l i t i e s ,  
bo th  f i x e d  and mobile, which support  the  Aeronautics, Ba l loon  and Sounding Rocket (AB&SR) programs. I n  
add i t ion ,  sounding rocke t  and ba l l oon  launches are conducted a t  se lec ted  worldwide l oca t i ons .  

Funding f o r  the ground networks p rov ides  f o r  opera t ion  and maintenance o f  the worldwide f a c i l i t i e s ,  as 
w e l l  as eng ineer ing and procurement o f  equipment t o  s u s t a i n  and modi fy network systems. The workload i n  FY 
1987 i nc l udes  ongoing support  t o  the Space Shu t t l e ,  and spacecra f t  i n c l u d i n g  Voyager, Ga l i l eo ,  Ulysses, 
Pioneers, Dynamic Explorer ,  I n t e r n a t i o n a l  U l t r a v i o l e t  Exp lo re r  ( IUE),  Nimbus and the  I n t e r n a t i o n a l  Sun-Earth 
Exp lo re rs ,  as w e l l  as p repa ra t i on  f o r  support  o f  such upcoming miss ions as the  
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planned Voyager-Neptune encounter, Magel lan ( f o r m e r l y  Venus Radar Mapper), and the  Mars Observer. Support 
w i l l  a l s o  be prov ided t o  a i r c r a f t  programs such as the  F-16 and F-111 and t h e  X-29A forward swept wing. 

1986 1987 
1985 Budget Cur ren t  Budget 

Ac tua l  Es t imate  Es t imate  Es t imate  
m d s  o f  -m 

S p a c e f l i g h t  t r a c k i n g  and da ta  
network systems implementation...... . 6,400 2 , 7 U ~  3,000 3,400 

OBJECTIVES AND STATUS 

The Space f l i gh t  Track ing and Data Network (STON) systems implementat ion program encompasses t h e  
procurement and implementat ion o f  se rv i ces  and hardware t o  s u s t a i n  network f a c i l i t i e s  and equipment t o  
ensure r e l i a b l e  t rack ing ,  command, and data a c q u i s i t i o n  suppor t  t o  ongoing s c i e n t i f i c  and a p p l i c a t i o n s  
s a t e l l i t e  miss ions and the  Space Shut t le .  The network i s  c u r r e n t l y  suppo r t i ng  many miss ions with h i g h l y  
complex requirements f o r  t r ack ing ,  data a c q u i s i t i o n ,  command and c o n t r o l  i n c l u d i n g  S h u t t l e  and Spacelab 
missions. With the  c losu re  o f  s i x  STDN ground s t a t i o n s  planned f o r  mid-1986, th i s  program w i l l  be l i m i t e d  t o  
s u s t a i n i n g  c a p a b i l i t i e s  a t  Bermuda, M e r r i t t  I s l and ,  F l o r i d a  and the  Wallops F l i g h t  F a c i l i t y .  

CHANGES FRM FY 1986 ESTIMATE 

The inc rease o f  $0.3 m i l l i o n  i s  f o r  s u s t a i n i n g  STDN systems and f a c i l i t i e s  i n t o  l a t e  FY 1986 due t o  the  
delay i n  the  s t a t i o n  c l o s u r e  dates. 

BASIS W FY 1987 ESTIMATE 

The FY 1987 request  i nc ludes  funds f o r  t he  replacement o f  obso le te  and d i f f i c u l t - t o - m a i n t a i n  equipment a t  
those f a c i l i t i e s  t h a t  remain open a f t e r  t he  TDRSS i s  opera t iona l .  These f a c i l i t i e s  w i l l  be used f o r  
prelaunch, launch and l and ing  suppor t  a t  Bermuda and M e r r i t t  I s l and ,  F l o r i d a ,  and f o r  l i m i t e d  o r b i t a l  
suppor t  from the  Wallops F l i g h t  F a c i l i t y  f o r  the  Space Shu t t l e .  The requirements f o r  suppor t  from these 
s i t e s  w i l l  con t inue  f o r  the foreseeable fu tu re .  Equipment replacements and m o d i f i c a t i o n s  a re  r e q u i r e d  i n  FY 
1987 t o  ma in ta in  a l e v e l  o f  p r o f i c i e n c y  t o  suppor t  t he  c o n t i n u i n g  workload and t o  assure t h e  r e l i a b i l i t y  o f  
t h e  major systems. Accord ingly ,  funds a re  r e q u i r e d  t o  rep lace  obso le te  equipment, f o r  r e l i a b i l i t y  
m o d i f i c a t i o n s  and t o  achieve ope ra t i ng  e f f i c i e n c i e s  i n  the  network. The funds requested a l s o  p rov ide  f o r  
procurement o f  major subsystem spares, f o r  the  p r o v i s i o n  and m o d i f i c a t i o n  o f  t e s t  equipment, and f o r  minor 
equipment m o d i f i c a t i o n s  r e s u l t i n g  from changes i n  suppor t  requirements. 
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1986 1937 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  D m  

Space f l i gh t  t r a c k i n g  and data  
network operations........ ........... 91,447 5 & ,  7c10 6G, 4UO 53, uou 

OBJECTIVES AND STATUS 

The pr imary  f u n c t i o n  o f  t he  Space f l i gh t  Track ing and Data Network (STDN) system i s  t o  suppor t  NASA Ear th-  
o r b i t a l  s p a c e f l i g h t  missions,  i n c l u d i n g  t he  Space Shu t t le .  Th is  network a lso  p rov ides  launch suppor t  t o  
NASA p l ane ta r y  missions,  and on a re imbursable basis,  s p a c e f l i g h t  miss ions o f  o ther  Un i ted  S ta tes  government 
agencies (NOAA and DOD) and o ther  nat ions.  

As of January 1, 19b6, t he  STDN cons is ted  o f  n i n e  geograph ica l l y  d ispersed ground s t a t i o n s .  E i g h t  o f  
these s t a t i o n s  are l oca ted  a t :  Greenbelt,  Maryland; M e r r i t t  I s l and ,  F l o r i d a ;  Kauai, Hawaii; Guam; Ascension 
I s l and ;  Dakar, Senegal; Bermuda; and Santiago, Chi le .  These g l o b a l  f a c i l i t i e s  have the  c a p a b i l i t y  t o  
e l e c t r o n i c a l l y  t r a c k  t he  spacecraf t ,  send commands fo r  spacecra f t  and experiment c o n t r o l  purposes, and 
rece i ve  and d i sp l ay  eng ineer ing and s c i e n t i f i c  data  from the  spacecraf t .  I n  the  case o f  manned f l i g h t s ,  
they ma in ta in  vo ice  communications f o r  crew opera t ions  and sa fe t y  and o the r  p r o j e c t - r e l a t e d  purposes. The 
n i n t h  s t a t i o n ,  l o ca ted  a t  Yarragadee, Aus t ra l i a ,  prov ides on l y  a i r - to-ground vo ice  communication with. the  
astronauts.  

Dur ing FY 1966, t he  t r a c k i n g  and data a c q u i s i t i o n  suppor t  f u n c t i o n  w i l l  be t r a n s f e r r e d  from the  s t a t i o n  a t  
Greenbelt,  Maryland t o  the  Wallops F l i g h t  F a c i l i t y  i n  V i r g i n i a .  When the  second TDRS s a t e l l i t e  i s  
opera t iona l ,  t he  f o l l o w i n g  STDN s t a t i o n s  w i l l  cease operat ions and be closed: Ascension Is land ,  Guam, 
Hawaii ,  Santiago and Yarragadee. Dakar w i l l  c l ose  about t h r e e  months l a t e r  when t he  t h i r d  TDRS s a t e l l i t e  i s  
on s t a t i o n  t o  support  the  ascent phase o f  STS missions. The two remaining s t a t i o n s  a t  M e r r i t t  I s l a n d  and 
Bermuda w i l l  p rov ide  prelaunch, launch and STS l and ing  support.  

CHANGES FRM FY 1986 BIDGET ESTIMATE 

The n e t  increase o f  $1.7 m i l l i o n  r e s u l t s  from requirements t o  operate t he  STDN s t a t i o n s  f o r  n i ne  months i n  
FY 1986 f o r  S h u t t l e  and o ther  suppor t  brought about by t he  delay i n  the Track ing and Data Relay S a t e l l i t e  
launches. The STDN w i l l  be r equ i r ed  t o  p rov ide  S h u t t l e  and other  spacecra f t  support  u n t i l  the seconcl TDRS 
i s  success fu l l y  launched and checked out, with t he  Dakar s t a t i o n  be ing  requ i r ed  u n t i l  the  t h i r d  TDRS i s  
capable of suppor t ing  the S h u t t l e  ascent miss ion phase. An adjustment has been made i n  t h i s  program f o r  the 
t r a n s f e r  o f  operat ions from the  Greenbelt,  Maryland t r a c k i n g  s t a t i o n  t o  the Wallops F l i g h t  F a c i l i t y  i n  
A p r i l ,  1986. 
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BASIS O f  FY 1987 ESTIMATE 

The FY 1987 funding requirements p rov ide  f o r  the maintenance and ope ra t i on  o f  the remaining STDN s ta t i ons .  
These est imates are based upon the  success fu l  launch and checkout o f  t he  second and t h i r d  TDRS's as 
c u r r e n t l y  planned. Inc luded  i n  the fund ing request  are the r e l a t e d  l o g i s t i c s  support, network p lann ing,  
scheduling, engineer ing,  documentation and sof tware programming cos t s  assoc ia ted with the  ope ra t i on  o f  t h e  
network s ta t i ons .  L o g i s t i c s  support  i n  the form o f  spare p a r t s  and some equipment r e p a i r s  i s  prov ided t o  a 
v a r i e t y  o f  OSTDS users i n c l u d i n g  the Deep Space Network (DSN) , NASA Communications Network (NASCOM) , Space 
Network, Wallops F l i g h t  F a c i l i t y ,  and p r o j e c t  c o n t r o l  centers.  

1986 1987 
1985 Budget Current  Budget 

Ac tua l  Est imate Est imate Est imate 
m d s  o f  Dollars) 

Deep space network (DSN) 
systems implementation............... 37,100 44,40b 44,400 44,0013 

OBJECTIVES AND STATUS 

The r o l e  o f  the  Deep Space Network (DSN) i s  t o  p rov ide  the communication l i n k  between each o f  N A S A ' s  
d i s t a n t  p lane ta ry  and i n t e r p l a n e t a r y  spacecra f t  and the  Earth. The DSN i s  respons ib le  f o r  r e c e i v i n g  science 
and engineer ing data and p r o v i d i n g  the nav iga t ion ,  command and c o n t r o l  c a p a b i l i t i e s  from the ground t o  a 
wide v a r i e t y  o f  spacecra f t  rang ing i n  d is tance from low e a r t h  o r b i t  t o  over 5.3 b i l l i o n  k i l ome te rs  from 
Earth.  When the th ree  STDN s t a t i o n s  were conso l ida ted  with the  DSN s t a t i o n s  i n  Aus t ra l i a ,  C a l i f o r n i a  and 
Spain i n  February 1985, the DSN a lso  assumed suppor t  r e s p o n s i b i l i t y  for severa l  spacecra f t  a l ready i n  E a r t h  
o r b i t  and f o r  any spacecraf t  no t  suppor tab le  by the TDRSS. Several  o f  these support  requirements i n c l u d e  
miss ions i n  low-Earth, h i g h l y - e l l i p t i c a l  and synchronous E a r t h  o r b i t s .  

The systems and f a c i l i t i e s  r equ i red  t o  support  spacecraf t  a t  the l i m i t s  o f  t he  so la r  system are h i g h l y  
spec ia l i zed  and i nc l ude  the use of  l a r g e  aper tu re  antennas e l e c t r o n i c a l l y  con f igu red  i n  a phased a r ray  t o  
r ece i ve  the extremely weak r a d i o  s ignals .  The antennas use u l t r a s e n s i t i v e ,  c r yogen i ca l l y  coo led rece i ve rs  
and power fu l  t r ansm i t t e r s .  Extremely s t a b l e  hydrogen maser t ime standards are requ i red  fo r  p rec i se  
n a v i g a t i o n  o f  d i s t a n t  spacecraf t .  Advanced data hand l ing  systems a r e  requ i red  a t  bo th  the  DSN complexes and 
the Network Operat ions Con t ro l  Center (NOCC) 
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Since the  G a l i l e o  spacecra f t  i s  t h e  f i r s t  t o  u t i l i z e  a r e c e i v e r  i n  the  X-band frequency spectrum, t h e  
ground network must be implemented t o  t r a n s m i t  commands i n  t h i s  frequency range. By mid-1987, a 34-meter 
antenna a t  Spain and A u s t r a l i a  w i l l  be implemented with t h i s  c a p a b i l i t y .  Not o n l y  w i l l  G a l i l e o  u t i l i z e  t h i s  
new frequency f o r  spacec ra f t  telecommunications, but i t  w i l l  a l s o  use a new p r e c i s i o n  t r a c k i n g  c a p a b i l i t y  t o  
perform experiments designed t o  d e t e c t  p e r t u r b a t i o n s  i n  the  g r a v i t y  f i e l d  caused by c o l l a p s i n g  quasars. As 
a l l  new deep space miss ions w i l l  u t i l i z e  X-band, i t  i s  planned t o  implement t h i s  c a p a b i l i t y  on most o f  t h e  
remaining antennas i n  the  DSN by 1992. 

The fou r  major o b j e c t i v e s  f o r  the  DSN i n  the  l a t e  19bO's a r e  as fo l l ows :  (1) t o  p rov ide  communications 
channels t o  s c i e n t i f i c  spacec ra f t  a t  ever- increas ing d i s tances  and t o  p rov ide  t h e  c a p a b i l i t y  t o  r e c e i v e  
images a t  these g r e a t  d istances;  (2)  t o  increase the  frequency range and data  r a t e  c a p a b i l i t y  o f  t he  ground 
network t o  accommodate new spacec ra f t  requirements; (3 )  t o  p rov ide  suppor t  f o r  a new s e t  o f  spacec ra f t  which 
w i l l  i n c l u d e  h i g h l y  e l l i p t i c a l  E a r t h  o r b i t e r s  and synchronous E a r t h  o r b i t a l  miss ions (bo th  types w i l l  be i n  
o r b i t s  a t  a l t i t u d e s  t h a t  a re  beyond t h e  suppor t  area o f  TPRSS); and (4) t o  p rov ide  t h e  improved n a v i g a t i o n  
c a p a b i l i t i e s  r e q u i r e d  f o r  p r e c i s e  spacec ra f t  t a r g e t i n g  and probe d e l i v e r y .  

These o b j e c t i v e s  represent  a s i g n i f i c a n t  cha l lenge t o  t h e  DSN, as i t  w i l l  be suppor t i ng  many more 
spacecrq f t  than i n  the  past ,  many o f  which w i l l  be a t  extremely g r e a t  distances. The most d i s t a n t  p l a n e t a r y  
encounter w i l l  be o f  Neptune by Voyager-2 i n  1989. This encounter w i l l  occur some 4.5 b i l l i o n  k i l o m e t e r s  
from Earth. A t  t h a t  t ime, Voyager-2 i s  expected t o  t r a n s m i t  t he  f i r s t  h i g h  r e s o l u t i o n  images ever rece ived  
from a spacec ra f t  a t  such a distance.  An expansion o f  t h e  64-meter antennas t o  70 meters which i s  underway, 
a long with m u l t i p l e  antenna a r r a y i n g  o f  rad io te lescopes i n  New Mexico, Japan and A u s t r a l i a ,  w i l l  p r o v i d e  t p e  
increased s i g n a l  c a p t u r i n g  c a p a b i l i t y  f o r  t h e  f i r s t  l o o k  a t  Neptune. 

Upcoming miss ions which w i l l  be supported by t h e  network i n c l u d e  G a l i l e o ,  Ulysses, Magel lan and Mars 
Observer. 

BASIS OF FY 1987 BUDGET REQUEST 

Funding i n  the FY 1987 request  p rov ides  f o r  c o n t i n u i n g  the  e v o l u t i o n  o f  t he  DSN, t a k i n g  advantage o f  t he  
l a t e s t  techno log ies  t o  meet t h e  i n c r e a s i n g l y  complex suppor t  requirements. I nc luded  are  new c a p a b i l i t i e s  
needed t o  meet the  more s t r i n g e n t  n a v i g a t i o n  and spacecraft- ground telecommunications requirements w h i l e  
reduc ing o v e r a l l  maintenance and opera t ions  costs.  

Funds a r e  i nc luded  i n  t h e  1987 budget t o  implement the  new c a p a b i l i t i e s  r e q u i r e d  f o r  the  mission. These 
are: (1) h i g h  te lemet ry  data  r a t e s  which w i l l  r e q u i r e  te lemet ry  system m o d i f i c a t i o n s  and (2) spacec ra f t  
s i g n a l  dynamics which w i l l  r e q u i r e  ex tens ive  changes t o  the  r e c e i v e r  system. 
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The X-band t r a n s m i s s i o n  c a p a b i l i t y  r e q u i r e d  f o r  G a l i l e o  w i l l  r e q u i r e  e x t e n s i v e  a d d i t i o n s  t o  t h e  new 34- 
meter an tenna  feed  systems a t  Spa in  and Austral ia and t h e  a d d i t i o n  o f  a t r a n s m i t t e r  t o  t h e s e  a n t e n n a s  which 
are c u r r e n t l y  i n  a " l i s t e n  only"  c o n f i g u r a t i o n .  E x t e n s i v e  improvements t o  t h e  ground t r a c k i n g  systems are 
r e q u i r e d  i n  1987 t o  p r o v i d e  t h e  n a v i g a t i o n  accuracy r e q u i r e d  f o r  t h e  G a l i l e o  probe release. T h i s  mission 
event r e q u i r e s  t h a t  t h e  p o s i t i o n  o f  t h e  s p a c e c r a f t  be p r e c i s e l y  known i n  o r d e r  t h a t  t h e  probe,  when 
r e l e a s e d ,  w i l l  f o l low t h e  c o r r e c t  b a l l i s t i c  t r a j e c t o r y  i n t o  t h e  J o v i a n  atmosphere.  

Work w i l l  c o n t i n u e  i n  1Yb7 i n  p r e p a r a t i o n  f o r  t h e  Voyager 2 s p a c e c r a f t  encoun te r  o f  t h e  p l a n e t  Neptune 
which w i l l  occur  i n  1989. T h i s  a c t i v i t y  c o n s i s t s  of implementa t ion o f  an X-band receive c a p a b i l i t y  f o r  t h e  
Very Large Array a t  Socor ro ,  New Mexico (which w i l l  be a r r a y e d  wi th  t h e  Golds tone,  C a l i f o r n i a  a n t e n n a s )  ana 
t h e  64-meter a n t e n n a s  a t  Parkes ,  Aust ra l ia  and Usuda, Japan  (which w i l l  be a r r a y e d  wi th  t h e  DSN a n t e n n a s  a t  
Canber ra ,  A u s t r a l i a ) .  

To improve t h e  o p e r a b i l i t y ,  m a i n t a i n a b i l i t y  and r e l i a b i l i t y  o f  t h e  DSN, s i g n i f i c a n t  m o d i f i c a t i o n s ,  
i n c l u d i n g  replacem'ent o f  o b s o l e t e  
t h e  t h r e e  DSN complexes and a t  t h e  

equipment,  w i l l  b e  made d u r i n g  1987 a t  t h e  s i g n a l  p r o c e s s i n g  centers a t  
Network C o n t r o l  Cen te r  a t  Pasadena,  C a l i f o r n i a .  

1986 1987 
1985 Budset  C u r r e n t  Budaet  

Actual Estimate Estimate E s  tiGate 
-(Thousands o f  ~m 

Deep s p a c e  network operations......... 77  661 88,900 88,900 94 100  

OBJECTIVES AND STATUS 

The t h r e e  Deep Space Network (DSN) complex locat ions- - Goldstone,  C a l i f o r n i a ;  Canberra ,  Australia; and 
Madrid, Spain- - are approximate ly  120 d e g r e e s  a p a r t  i n  l o n g i t u d e  t o  p e r m i t  con t inuous  viewing o f  p l a n e t a r y  
and s o l a r  system s p a c e c r a f t .  Each complex h a s  one 64-meter and two 34-meter d iamete r  a n t e n n a s  i n c l u d i n g  one 
34-meter an tenna  under c o n s t r u c t i o n  a t  Madrid. A c e n t r a l i z e d  c o n t r o l  c e n t e r  f o r  t h e  network is l o c a t e d  a t  
t h e  Jet P r o p u l s i o n  Labora to ry  (JPL) i n  Pasadena,  C a l i f o r n i a .  The DSN a l s o  o p e r a t e s  26-meter a n t e n n a s  a t  a l l  
t h r e e  s t a t i o n s  having completed t h e  c o n s o l i d a t i o n  o f  STDN s t a t i o n  r e s o u r c e s  under t h e  network c o n s o l i d a t i o n  
program. These 26-meter a n t e n n a s  are used t o  t r a c k  s p a c e c r a f t  i n  t h e  v i c i n i t y  o f  t h e  E a r t h  which c a n n o t  
u t i l i z e  TDRSS. 

The Voyager-2 s p a c e c r a f t  encoun te r  w i t h  Uranus i n  January  1986 shou ld  p r o v i d e  t h e  f i r s t  d e t a i l e d  
i n f o r m a t i o n  on t h a t  d i s t a n t  p l a n e t .  Voyager-1 is now abou t  3.8 b i l l i o n  k i l o m e t e r s  from E a r t h  on a 
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t r a j e c t o r y  t h a t  w i l l  take i t  ou t  o f  t he  s o l a r  system. The Pioneer-1U Spacecra f t  i s  now beyond the  o r b i t  o f  
Neptune, and i s  the  f i r s t  man-made o b j e c t  t o  l eave  t h e  s o l a r  system. I t  now takes j u s t  under t e n  hours f o r  
a r a d i o  s i g n a l ,  t r a v e l i n g  a t  t he  speed o f  l i g h t ,  t o  make the  round t r i p  between E a r t h  and Pioneer-10. The 
Pioneer- 11 spacecra f t ,  some 2.9 b i l l i o n  k i l o m e t e r s  from Earth,  cont inues t o  be tracked. The Pioneer-6 
through -8 spacecra f t  a re  prov ided support  d u r i n g  s o l a r  con junc t ions  and g r a v i t y  wave experiments. 

The DSN f a c i l i t i e s  are  a l s o  used on a non in ter ference b a s i s  f o r  ground based measurements i n  suppor t  of 
exper iments i n  p lane ta ry  radar  mapping and i n  the  f i e l d  o f  r a d i o  astronomy. The u l t r a s e n s i t i v e  network 
antennas a re  be ing used i n  an a t tempt  t o  l e a r n  more about pu lsa r  h i g h  energy sources, quasars, and o t h e r  
i n t e r s t e l l a r  and i n t e r g a l a c t i c  phenomena. 

A d d i t i o n a l  34-meter antennas have been completed a t  b o t h  Goldstone and Canberra. These antennas have been 
e l e c t r o n i c a l l y  combined wi th  the  o t h e r  antenna f a c i l i t i e s  a t  t h e i r  r e s p e c t i v e  complex t o  increase t h e  
r e c e i v e r  g a i n  a v a i l a b l e  a t  these two s ta t i ons .  Both  o f  these s t a t i o n s  a r e  c r u c i a l  t o  c a p t u r i n g  imaging and 
science data  from t h e  Voyager-2 encounter with Uranus. The DSN complex a t  Canberra, because o f  i t s  southern  
hemisphere l o c a t i o n ,  has the  best  view o f  Voyager-2 a t  Uranus. A t  t h a t  l o c a t i o n ,  an a d d i t i o n a l  f a c i l i t y  
w i l l  be used a t  t h e  t ime o f  encounter t h e  a d d i t i o n a l  f a c i l i t y  i s  t h e  A u s t r a l i a n  64-meter Radio Observatory 
a t  Parkes, which w i l l  be e l e c t r o n i c a l l y  combined w i th  an a r ray  o f  DSN antennas. The European Space Agency 
(ESA) w i l l  use t h i s  same Radio Observatory f a c i l i t y  i n  suppor t  o f  t h e i r  G i o t t o  m iss ion  t o  H a l l e y ' s  Comet i n  
March 19ti6. The a r r i v a l  o f  G i o t t o  a t  H a l l e y ' s  Comet a t  a t ime  c l o s e  t o  the  Voyager-2 Uranus encounter 
r e q u i r e s  c lose  c o o r d i n a t i o n  between NASA, t he  Commonwealth S c i e n t i f i c  and I n d u s t r i a l  Research Organ iza t ion  
(CSIRO) i n  A u s t r a l i a ,  and ESA i n  order  t o  assure m iss ion  success. 

BASIS OF FY 1987 ESTIMATE 

The DSN opera t ions  fund iny  p rov ides  f o r  t h e  maintenance and opera t ion  o f  t h e  conso l i da ted  network 
f a c i l i t i e s ,  c o n t r o l  center ,  and the  suppor t  and eng ineer ing e f f o r t  assoc ia ted wi th  b o t h  implementat ion 
a c t i v i t i e s  and c o n t i n u i n g  opera t ion  o f  t he  network. The expected workload i n  1987 on t h e  DSN c o n s i s t s  o f  
support  f o r  t he  two Voyager spacecra f t ,  t he  s i x  ongoing Pioneer spacec ra f t  (Pioneer 6 ,  7, 8, 10, 11 and 
Pioneer Venus), A c t i v e  Magnetosphere P a r t i c l e  Tracer Exp lorer ,  I n t e r n a t i o n a l  Sun E a r t h  Exp lorer- 1 and - 2, 
Nimbus-7, Dynamics Exp lorer ,  G a l i l e o ,  t h e  Ulysses encounter wi th the  p l a n e t  J u p i t e r ,  and I n t e r n a t i o n a l  Comet 
Exp lorer .  P r o v i s i o n  has a l s o  been made i n  the DSN t o  p rov ide  emergency backup suppor t  f o r  Space Shu t t l e ,  
TDRSS and Hubble Space Telescope. 
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1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est  ima t e Est imate  
(Thousands o f  Dollars) 

Aeronautics, ba l l oons  and sounding 
r o c k e t  suppor t  systems implementat ion 8,965 11,4clll 11,400 11,2013 

OBJECTIVES AND STATUS 

The o b j e c t i v e s  of t h e  Aeronautics, Bal loons,  and Sounding Rocket (ABASR) Systems Implementat ion program 
a re  two fo ld .  F i r s t ,  f i x e d  and mobi le  i n s t r u m e n t a t i o n  systems a re  p rov ided  t o  meet t h e  t r a c k i n g ,  da ta  
a c q u i s i t i o n ,  and range s a f e t y  requirements o f  t he  aeronaut ics  research conducted a t  t h e  Wallops F l i g h t  
F a c i l i t y  (WFF) i n  V i r g i n i a ,  t he  Dryden F l i g h t  Research F a c i l i t y  (DFRF) and N o f f e t t  F i e l d  F l i g h t  Complex 
(MFFC) i n  C a l i f o r n i a ,  and the s c i e n t i f i c  i n v e s t i g a t i o n s  conducted with ba l l oons  and sounding r o c k e t s  a t  
Wallops, t he  White Sands M i s s i l e  Range, New Mexico; Poker F l a t s ,  Alaska; Pa les t ine ,  Texas; and o t h e r  
se lec ted  s i t e s  around the world. Second, t r a c k i n g  and data  a c q u i s i t i o n  support  w i l l  be p rov ided  a t  Wallops 
t o  se lec ted  near-Earth o r b i t i n g  s a t e l l i t e s  which cannot be supported by TDRSS. This f u n c t i o n  i s  be ing  moved 
from Greenbelt ,  Maryland, t o  Wallops i n  A p r i l  1986 and w i l l  pe rm i t  t he  closedown o f  t h a t  t ype  o f  opera t ions  
a t  Greenbelt .  

BASIS OF FY 1987 ESTIMATE 

The ae ronau t i ca l  research e f f o r t s  and s c i e n t i f i c  experiments u s i n g  sounding r o c k e t s  and ba l l oons  are  
programs of a c o n t i n u i n g  na tu re  which genera l l y  r e q u i r e  about t h e  same l e v e l  o f  support  from year t o  year. 
Support f o r  these programs r e q u i r e s  f i x e d  and mobi le  i n s t r u m e n t a t i o n  systems; namely, radar ,  te lemet ry ,  
o p t i c a l ,  communications, command, data  hand l ing  and process ing systems. To ma in ta in  these f a c i l i t i e s ,  
replacement p a r t s  must be acquired and t e s t  and c a l i b r a t i o n  equipment r o u t i n e l y  replaced. Due t o  t h e  age o f  
some o f  t he  radar,  te lemet ry ,  and impact p r e d i c t i o n  equipment, a phased replacement and re furb ishment  
program i s  underway t o  assure r e l i a b l e  rea l- t ime  data  c o l l e c t i o n  and hand l ing  support  t o  meet c u r r e n t  and 
f u t u r e  requirements. 

1986 1987 
1985 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
'(Thousands o f  

Aeronaut ics,  ba l l oons  and sounding 
r o c k e t  support  operations........... 11,627 13,2UO 14,9W 16,300 
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lBJECTIVES AND STATUS 

F ixed  and mobi le  i ns t rumen ta t i on  systems a re  mainta ined and operated t o  suppor t  sounding rocket ,  ba l loon ,  
spacecraf t ,  and aeronaut ics  programs conducted by the  Wallops F l i g h t  F a c i l i t y  (WFF), t he  Ames Research 
Center (ARC) a t  i t s  Dryden F l i g h t  Research F a c i l i t y  (DFRF), and M o f f e t t  F i e l d  F l i g h t  Complex (MFFC). These 
i ns t rumen ta t i on  systems i n c l u d e  radar ,  te lemet ry ,  data processing, data handl ing,  and communications 
systems, as w e l l  as s p e c i a l  purpose o p t i c a l  equipment. 

The Sounding Rocket program cont inues t o  be an a c t i v e  program with approx imate ly  110 launches i n  FY 1985, 
most o f  which were conducted a t  WFF. I n  add i t i on ,  t he re  were approx imate ly  190 b a l l o o n  f l i g h t s  d u r i n g  t h e  
same per iod.  A t  WFF, t he  aeronaut ics  programs a re  p r i m a r i l y  r e l a t e d  t o  i n v e s t i g a t i o n  o f  a i r c r a f t  hand l i ng  
c h a r a c t e r i s t i c s ,  advanced c o n t r o l  and d i s p l a y  concepts, s p i n  and s t a l l  t es t s ,  t e r m i n a l  area guidance and 
t r a f f i c  c o n t r o l  systems, and storm dynamics s tudies.  Dur ing  1985, approximately 275 research miss ions  were 
conducted. I n  a d d i t i o n  t o  suppor t  o f  sounding rocket ,  ba l loon ,  and aeronaut ics  programs, i ns t rumen ta t i on  a t  
WFF w i l l  con t inue  t o  be u t i l i z e d  t o  suppor t  t he  s h u t t l e  o r b i t a l  f l i g h t s  wi th C-band radar  support .  

ARC operates ae ronau t i ca l  t e s t  ranges a t  DFRF and MFFC which p rov ide  radar,  te lemetry ,  o p t i c a l ,  and 
communications suppor t  f o r  the  performance o f  a i r c r a f t  research and development programs. A v a r i e t y  o f  
programs are conducted a t  these f a c i l i t i e s  i n v o l v i n g  h i g h  performance a i r c r a f t  such as the  F-111, F-18A, F- 
16, F-104, F-8, X-29A, and unique research  veh i c les  such as the  t i l t - r o t o r  research a i r c r a f t ,  composite 
r o t o r c r a f t ,  and the  X-wing a i r c r a f t .  Near ly  500 ae ronau t i ca l  research miss ions were suppor ted a t  DFRF and 
approx imate ly  275 a t  MFFC du r ing  FY 1985. DFRF cont inues t o  serve as an a l t e r n a t i v e  l a n a i n g  s i t e  f o r  the  
Space Shu t t l e .  

CHANGES FRM THE FY 1986 BUDGET ESTIMATE 

The inc rease o f  $1.7 m i l l i o n  r e f l e c t s  the  d e c i s i o n  t o  t r a n s f e r  opera t ions  from the Greenbelt ,  Maryland 
t r a c k i n g  s t a t i o n  t o  t he  Wallops F l i g h t  F a c i l i t y  i n  A p r i l  1986. 

BASIS OF FY 1987 ESTIMATE 

The FY 1987 fund ing  requirements p rov ide  engineer ing and t e c h n i c a l  se rv i ces  fo r  maintenance and ope ra t i on  
o f  f i x e d  and mobi le  radar ,  te lemetry ,  o p t i c a l ,  communications, and data hand l ing  and processing equipment 
and f a c i l i t i e s  t o  support  the ongoing sounding rocke t ,  ba l loon ,  o r b i t i n g  s a t e l l i t e s ,  and ae ronau t i ca l  
research a c t i v i t i e s .  I t  inc ludes  t h e  f i r s t  f u l l  year o f  fund ing  fo r  the  t r a n s f e r  o f  opera t ions  from 
Greenbelt ,  Maryland t o  t he  Wallops F l i g h t  F a c i l i t y .  
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BASIS W FY 1987 FUNDING REQUIREMENT 

COMMUNICATIONS AND DATA SYSTEMS 

Communications systems implementat ion 
Communications operat ions.  ............ 
Miss ion  facilities.................... 
M i ss i on  operat ions.  ................... 
Data process ing systems implementat ion 
Data process ing operat ions ............ 

Total............................... 

OBJECTIVES AND STATUS 

1985 
Ac tua l  

6,500 
73,ou.J 
12,675 
21,21r0 
25,016 
45, E109 

184,200 

1986 
Budget Current  

Est imate Est imate 
 thousands o f  Dollars) 

6,500 5,000 
75,700 83,200 
13,300 13,300 
27, 100 24, OOLJ 
24,100 25,000 
41,500 41,5U0 

188,200 192,000 

Funds requested f o r  the Communications and Data Systems proqram p rov i de  f o r  

1987 
Budget 

Est imate 

6,200 
82,000 

6,900 
29,300 
25,100 
53,100 

202,600 

the implementat ion . -  
and ope ra t i on  of f a c i l i t i e s  and systems which are r equ i r ed  f o r  data t ransmission,  m iss ion  c o n t r o l  
and data processing support.  

Communication c i r c u i t s  and se r v i ces  p rov ide  f o r  the t ransmiss ion  o f  data  among t he  remote 
t r a c k i n g  and data  a c q u i s i t i o n  f a c i l i t i e s ,  launch areas, and t h e  m iss ion  c o n t r o l  centers.  
Real- t ime i n f o rma t i on  i s  c r u c i a l  t o  determin ing the  c o n d i t i o n  o f  t he  spacecraf t  and payloads f o r  
t he  generat ion o f  commands f o r  spacecra f t  and payload con t ro l .  Data rece ived  from t h e  va r ious  
spacecra f t  must be processed i n t o  a usable form be fo re  t r a n s f e r  t o  c o n t r o l  centers  and 
experimenters. M iss ions  supported i n c l u d e  Shu t t le ,  Spacelab, NASA s c i e n t i f i c  and a p p l i c a t i o n  
p r o j e c t s  and i n t e r n a t i o n a l  cooperat ive  e f f o r t s .  

Major  a c t i v i t i e s  underway i nc l ude  the  implementat ion o f :  1) the  Program Support 
Communications Network (PSCN) which p rov ides  f o r  the day-to-day communications among NASA f i e l d  
cen te rs  and Headquarters; 2) a m iss ion  c o n t r o l  and data  capture  system f o r  Hubble Space Telescope 
and 3)  M i ss i on  Con t ro l  and data  process ing c a p a b i l i t i e s  f o r  support  o f  upcoming miss ions such as 
Spacelabs, Gamma Ray Observatory (GRO) and Upper Atmosphere Research S a t e l l i t e  (UARS) . I n  
a d d i t i o n ,  p r e l i m i n a r y  s t ud ies  have been i n i t i a t e d  t o  eva luate  Space S t a t i o n  suppor t  requirements. 
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1986 19t17 
1985 Budaet Cur rent  Budaet 

A c t u a l  E s t i i a t e  Es t ima te  Est  i i a t e  
T-ds o f  

Communica ions  systems 
implementat ion ...................... 6,500 6,50U 5,000 6 , 200 

OBJECTIVES AND STATUS 

The o b j e c t i v e  o f  t h e  Communications Systems Implementat ion Program i s  t o  p rov ide  the  necessary 
c a p a b i l i t y  i n  NASA's G loba l  Communications Network t o  meet new program suppor t  
requirements, t o  increase the e f f i c i e n c y  o f  t he  network, and t o  keep NASCOM a t  a h i g h  l e v e l  o f  r e l i a b i l i t y  
for  t he  t ransmiss ion o f  data. 
f a c i l i t i e s  which support  a l l  f l i g h t  p r o j e c t s ;  i t  a l s o  l i n k s  such f a c i l i t i e s  as launch areas, t e s t  
s i t e s ,  and m iss ion  c o n t r o l  centers.  

NASCOsc-1 i n te rconnec ts  t h e  t r a c k i n g  and data  a c q u i s i t i o n  

The major  e f f o r t  underway i n  NASCOM i s  t h e  phased replacement o f  t he  d i g i t a l  vo i ce  and data  
message s w i t c h i n g  system a t  t h e  Goddard Space F l i g h t  Center (GSFC). 

CHANGES FROM PI 19b6 BUN;ET ESTIMATE 

The decrease o f  $1.5 m i l l i o n  r e s u l t s  from rephasing o f  t he  funding f o r  the o p e r a t i o n a l  network d i g i t a l  
vo ice  and data  message s w i t c h i n g  system t o  c o i n c i d e  with the  a v a i l a b i l i t y  o f  o the r  communications equipment 
a t  the  Goddard Space F l i g h t  Center (GSFC). 

BASIS ff 1987 ESTIMATE 

The FY 1987 fund ing requirements w i l l  p rov ide  the  s u s t a i n i n g  equipment and m o d i f i c a t i o n s  t o  suppor t  t he  
NASCOM network and cont inue implementat ion o f  t h e  replacement d i g i t a l  vo i ce  and data  
message s w i t c h i n g  system a t  GSFC. 
for  Time-Division-Multiple-Access ( IDMA)  v i a  s a t e l l i t e .  
a t  14 l o c a t i o n s  i n  FY 1986, implementat ion and augmentation f o r  a 60 MBS c a p a b i l i t y  a t  se lec ted  NASA 
Centers w i l l  be i n i t i a t e d  i n  FY 1987 t o  meet growing requirements. 

E f f o r t  w i l l  con t inue  on the  use o f  advanced d i g i t a l  techniques 
With t h e  comple t ion  o f  t h e  15 MBS system 

On- l ine opera t ion  o f  t he  C o n t r o l  and S ta tus  System (CSS) i s  scheduled f o r  mid-1987. This 

The b a s e l i n e  TDRS 
system w i l l  p rov ide  rea l- t ime  performance i n f o r m a t i o n  and automate t h e  manual s w i t c h i n g  f u n c t i o n  
fo r  the  base l i ne  Tracking and Data Relay S a t e l l i t e  (TDRS) communication system. 
communications system t i e s  together  
(JSC),  M a r s h a l l  Space F l i g h t  Center (MSFC), and the TDRSS ground t e r m i n a l  i n  New Mexico. 

t h e  Goddard Space F l i g h t  Center (GSFC), Johnson Space Center 
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1986 1987 
1985 Budget C u r r e n t  Budget 

Actual Estimate Estimate Estimate 
(Thousands o f  Dollars) 

Communications operations............. 73,000 75,700 83,200 82,OliO 

OBJECTIVES AND STATUS 

NASA's Global  Communications Network (NASCOM) i n t e r c o n n e c t s ,  by means o f  l e a s e d  v o i c e ,  d a t a ,  and 
wideband c i r c u i t s ,  t h e  t r a c k i n g  and d a t a  a c q u i s i t i o n  f a c i l i t i e s  which s u p p o r t  a l l  f l i g h t  p r o j e c t s .  
NASCOM a l s o  l i n k s  such  f a c i l i t i e s  as  l aunch  areas, t e s t  s i tes ,  and m i s s i o n  c o n t r o l  c e n t e r s .  Goddard Space 
F l i g h t  C e n t e r  (GSFC) o p e r a t e s  t h e  NASCOM and serves as its major s w i t c h i n g  c o n t r o l  
p o i n t .  I n  t h e  i n t e r e s t  o f  economy, r e l i a b i l i t y ,  and f u l l  u t i l i z a t i o n  o f  t r u n k  circui try,  
subswi tch ing  centers have been e s t a b l i s h e d  a t  key  domes t i c  and o v e r s e a s  l o c a t i o n s .  
f l i g h t  p r o j e c t s  r e q u i r e  t h e  t r a n s f e r  o f  d a t a  between t h e  miss ion  c o n t r o l  c e n t e r s  and t h e  s i tes  because  o f  
t h e  need f o r  real time c o n t r o l  o f  s p a c e c r a f t  and on-board exper iments .  I n  a d d i t i o n ,  t h e r e  are r e q u i r e m e n t s  
t o  p r o v i d e  exper iment  d a t a  e x p e d i t o u s l y  t o  u s e r s  f o r  a n a l y s i s .  NASA's Program Suppor t  Communications 
Network (PSCN) i n t e r c o n n e c t s  by means o f  l e a s e d  v o i c e ,  d a t a ,  and wideband c i r c u i t s  t h e  NASA C e n t e r s ,  
Headquar te r s ,  and major c o n t r a c t o r  l o c a t i o n s  f o r  t h e  t r a n s f e r  o f  programmatic and a d m i n i s t r a t i v e  
in fo rmat ion .  M a r s h a l l  Space F l i g h t  C e n t e r  (MSFC) o p e r a t e s  t h e  PSCN and serves as  its major s w i t c h i n g  
c o n t r o l  p o i n t .  

The NASA 

CHANGES FRM FY 1986 EWCET ESTIMATE 

The i n c r e a s e  o f  $7.5 m i l l i o n  is a t t r i b u t a b l e  t o  t h e  need t o  p r o v i d e  communications wi th  t h e  STDN 
t r a c k i n g  s i t e s  f o r  S h u t t l e  s u p p o r t  l o n g e r  t h a n  planned due t o  t h e  d e l a y  i n  t h e  Track ing  and Data Relay 
S a t e l l i t e  launches .  

BASIS OF FY 1987 ESTIMATE 

The FY 1967 fund ing  requ i rements  f o r  Communications O p e r a t i o n s  w i l l  p r o v i d e  t h e  c i rcui ts  and 
s e r v i c e  r e q u i r e d  t o  o p e r a t e  and m a i n t a i n  t h e  NASA Globa l  Communications Network. 
communications s a t e l l i t e s  and c a b l e  systems w i l l  c o n t i n u e  t o  p r o v i d e  d i g i t a l  wideband services t o  a l l  t h e  
o v e r s e a s  t r a c k i n g  s t a t i o n s .  Domestic s a t e l l i t e  systems and terrestr ial  networks  w i l l  c o n t i n u e  t o  
service t h e  c o n t i n e n t a l  Uni ted  S t a t e s  s t a t i o n s .  The i n i t i a t i o n  and t r a n s f e r  o f  s e l e c t e d  domes t i c  
s a t e l l i t e  services t o  t h e  TDRSS C-Band t r a n s p o n d e r s  w i l l  be under taken  wi th  o t h e r  government u s e r s  
r e i m b u r s i n g  NASA f o r  t h e i r  p o r t i o n  o f  t h e  service. 
network and t h e  PSCN backbone network w i l l  a l s o  u t i l i z e  t h e  TDRS s a t e l l i t e  C-Band c a p a b i l i t y .  

I n t e r n a t i o n a l  

I t  is a n t i c i p a t e d  t h a t  NASCOM's TDMA based 

SF 3-20 



I n  add i t i on ,  funds a r e  i nc luded  f o r  the  Program Support Communications Network (PSCN) which 
p rov ide  fo r  t h e  c i r c u i t s  and f a c i l i t i e s  fo r  programmatic and day-to-day opera t ions  such as 
f a c s i m i l e ,  te leconferenc ing,  data  t ransmission,  and computer-to-computer data  shar ing  f o r  NASA 
Centers and Headquarters. 
hardware and wideband s a t e l l i t e  and t e r r e s t r i a l  c i r c u i t s  a t  a l l  NASA l o c a t i o n s  and se lec ted  
c o n t r a c t o r  s i t e s .  
T ranspor ta t i on  System, Hubble Space Telescope, and Space S t a t i o n  management i n f o r m a t i o n  system. 
I n  add i t i on ,  t h e  network w i l l  suppor t  a d m i n i s t r a t i v e  and i n s t i t u t i o n a l  i n f o r m a t i o n  systems. 

I n  FY 1987 funds a r e  r e q u i r e d  t o  operate and ma in ta in  t h e  PSC network 

The network w i l l  suppor t  a l l  NASA programs and p r o j e c t s  such as the  Space 

19 86 1987 
19 85 Budget Cur rent  Budget 

A c t u a l  Es t imate  Est imate  Est imate  
(Thousands o f  Dollars) 

Miss ion  facilities.................... 12,675 13,300 13,300 6,900 

OBJECTIVES AN) STATUS 

The Mis'sion F a c i l i t i e s  Implementat ion Program p rov ides  t h e  systems c a p a b i l i t y  f o r  t h e  command 
Command and and c o n t r o l  o f  NASA's unmanned s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e  programs. 

c o n t r o l  o f  t he  spacecra f t  and on-board experiments a re  c a r r i e d  out  v i a  Payload Operat ions 
C o n t r o l  Centers (POCC's)  and r e l a t e d  M i s s i o n  Support Systems (MSS). 

The POCC's a r e  respons ib le  f o r  the  r e c e i p t ,  processing, and d i s p l a y  o f  spacec ra f t  eng ineer ing 
data  and the  t ransmiss ion o f  commands. Four POCC's c u r r e n t l y  moni tor  and c o n t r o l  numerous spacecraft .  I n  
a d d i t i o n ,  a new ded icated c o n t r o l  cen te r  w i l l  be o p e r a t i o n a l  i n  FY 1986 t o  c o n t r o l  t h e  Hubble Space 
Telescope scheduled f o r  launch i n  l a t e  1986. Re la ted m iss ion  suppor t  systems i n c l u d e  a Johnson Space 
Center/Goddard Space F l i g h t  Center S h u t t l e  POCC I n t e r f a c e  F a c i l i t y  (SPIF) and a M i s s i o n  P lann ing  System t o  
p l a n  and schedule spacec ra f t  support.  

BASIS OF 1987 ESTIMATE 

The FY 1987 fund ing requirements w i l l  p rov ide  f o r  Hubble Space Telescope post  launch sof tware  
enhancements based upon on- orb i t  performance o f  t h e  spacec ra f t  and science instruments.  C e r t a i n  
c o n t r o l  center  parameters r e l a t e d  t o  focus ing o f  t h e  te lescope and c a l i b r a t i o n  o f  t h e  o p t i c s  can 
o n l y  be determined and implemented a f t e r  t he  Hubble Space Telescope i s  i n  o r b i t .  

I n  a d d i t i o n ,  FY 1987 funds w i l l  p rov ide  f o r  m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  M u l t i s a t e l l i t e  
Operat ions C o n t r o l  Center (MSOCC) f o r  c o n t r o l  o f  t h e  Gamma Ray Observatory (GRO), Cosmic 
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Background E x p l o r e r  (COEE) , Upper Atmosphere Research S a t e l l i t e  (LIARS), and v a r i o u s  S h u t t l e  
a t t a c h e d  payloads .  
from user f a c i l i t i e s  w i l l  a l s o  be i n i t i a t e d .  
Space S t a t i o n  w i l l  p r o v i d e  o p e r a t i o n a l  e f f i c i e n c i e s  f o r  exper imente r s .  

I n  FY 1967 c o n t r o l  c e n t e r  developments t o  pe rmi t  s p a c e c r a f t  payload o p e r a t i o n s  
T h i s  new concep t  which is planned f o r  use w i t h  

1986 1987 
19&5 Budget C u r r e n t  Budget 

Actual E s t  imat e Estimate Estimate 
<Thousands o f  D m  

Miss ion  o p e r a t i o n s . .  .................. 21,200 27,100 24,000 29,300 

OBJECTIVES ANI STATUS 

The Miss ion  O p e r a t i o n s  Program i n  FY 1987 w i l l  p r o v i d e  f o r  t h e  o p e r a t i o n  o f  f ive  Payload 
O p e r a t i o n s  C o n t r o l  C e n t e r s  (POCC's) and t h e  r e l a t e d  s o f t w a r e  and s u p p o r t  services n e c e s s a r y  f o r  
t h e  moni to r ing  and c o n t r o l  of  t e n  i n- o r b i t  s p a c e c r a f t .  

These POCC 's ,  which are t h e  c o n t r o l  f a c i l i t i e s  f o r  s p a c e c r a f t / p a y l o a d  o p e r a t i o n s ,  have t h e  
c a p a b i l i t y  f o r  r e c e i v i n g ,  p r o c e s s i n g ,  and d i s p l a y i n g  s p a c e c r a f t  e n g i n e e r i n g  and telemetry d a t a  f o r  
send ing  commands t o  t h e  s p a c e c r a f t .  Commands t r a n s m i t t e d  t o  t h e  s p a c e c r a f t  i n c l u d e  b o t h  emergency commands 
r e s u l t i n g  from d e c i s i o n s  made by t h e  s p a c e c r a f t  analysts as well a s  p rep lanned  command sequences  g e n e r a t e d  
i n  advance t o  carry o u t  t h e  miss ion  o b j e c t i v e s .  Each POCC is o p e r a t e d  24 hours  p e r  day,  7 days  p e r  week. 
For  S h u t t l e  l a u n c h e s  w i t h  attached pay loads ,  f o r  which GSFC h a s  r e s p o n s i b i l i t y ,  t h e r e  is a s p e c i a l i z e d  GSFC 
S h u t t l e  *Payload I n t e r f a c e  F a c i l i t y  (SPIF) which p r o c e s s e s  and p r o v i d e s  f o r  t h e  d i s p l a y  o f  Shu t t l e- unique  
d a t a  t h a t  is n e c e s s a r y  f o r  payload c o n t r o l .  

CHANGES FROM FY 1986 W G E T  ESTIMATE 

The d e c r e a s e  o f  $3.1 m i l l i o n  is due t o  reduced and rephased s o f t w a r e  r e q u i r e m e n t s  i n  t h e  POCC and Command 
Management f ac i l i t i e s .  

BASIS OF FY 1987 ESTIMATE 

The FY 1987 budget  r e q u e s t  j n c l u d e s  funds  t o  o p e r a t e  P O C C ' s  and s u p p o r t i n g  f a c i l i t i e s  f o r  
c o n t r o l  o f  on- orb i t  m i s s i o n s  and c o n t r o l  c e n t e r  software development f o r  s u p p o r t i n g  upcoming miss ions .  I n  
FY 1987 t h e  new Hubble Space Te lescope  POCC w i l l  be o p e r a t i o n a l  and a major  ac t iv i ty  t h a t  w i l l  be conducted 
i n  t h i s  f a c i l i t y  a f te r  l aunch  is t h e  o p e r a t i o n a l  checkou t  and c a l i b r a t i o n  o f  t h e  s p a c e c r a f t  and s c i e n t i f i c  
i n s t r u m e n t s .  Also i n  FY 1987, s o f t w a r e  development a c t i v i t i e s  w i l l  
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cont inue  t o  inc rease f o r  the  COBE and UARS missions. Software t o  enable POCC c o n t r o l  o f  t h e  GRO w i l l  
con t inue  along with SPIF so f tware  development. 

Also i nc luded  i n  the  FY 1987 budget request  a r e  funds f o r  so f tware  and r e l a t e d  suppor t  se rv i ces  which 
i nc lude  maintenance o f  a so f tware  l i b r a r y ,  computer-generation o f  command sequences, equipment maintenance, 
engineer ing,  l o g i s t i c s  and documentation serv ices.  

1906 1907 
1905 Budget Cur ren t  Budget 

Ac tua l  Es t imate  E s t  imate Es t imate  
(Thousands o f  D w  

Data processing systems implementat ion 25,016 24,100 25,000 25,100 

OBJECTIVES AND STATUS 

The Data Processing Systems Implementat ion Program prov ides  for t he  procurement o f  equipment and 
r e l a t e d  se rv i ces  for  t he  l a r g e  data processing and computat ion systems a t  t h e  Goddard Space F l i g h t  
Center (GSFC) which suppor t  bo th  the o p e r a t i o n a l  and payload requirements o f  space missions. 
meet ope ra t i ona l  requirements, these systems determine spacecra f t  a t t i t u d e  and o r b i t  and generate on-board 
commands t o  the  spacecra f t  subsystems. I n  suppor t  o f  spacecra f t  payloads, t he  systems process the  data from 
science and a p p l i c a t i o n s  experiments for  subsequent t r a n s f e r  t o  t he  experimenters f o r  ana lys is .  

To 

Major  computat ion c a p a b i l i t i e s  i n c l u d e  the  F l i g h t  Dynamics F a c i l i t y  which performs the  r e a l  t ime a t t i t u d e ,  
o r b i t  computat ion and f l i g h t  maneuver c o n t r o l  f unc t i ons  and the  Command Management System which prov ides  
memory management f o r  on-board computers. There are  th ree  major systems f o r  processing data: 1) t he  
Telemetry On-Line Processing System (TELOPS) which r o u t i n e l y  suppor ts  a number o f  E a r t h- o r b i t i n g  spacecra f t ;  
2 )  The Image Processing F a c i l i t y  which generates products fo r  Landsat and Nimbus 7 and, 3)  The Spacelab Data 
Processing F a c i l i t y  (SLDPF) which supported the Spacelab 1, 2, 3 and D 1  miss ions and t h e  S h u t t l e  Imaging 
Radar-B experiment. 

S i g n i f i c a n t  a c t i v i t i e s  i n  t h i s  program cont inue a t  the  Goddard Space F l i g h t  Center t o  keep t h e  l a r g e  
systems v i a b l e  and responsive t o  p r o j e c t  suppor t  requirements. Implementat ion cont inues  on a new system t o  
process data from numerous and va r i ed  experiments which comprise the  payloads o f  e a r l y  Spacelab miss ions and 
new payloads associated with l a t e r  missions. The e a r l y  Spacelab miss ions may be descr ibed gene ra l l y  as 
m u l t i - d i s c i p l i n e  miss ions c o n s i s t i n g  o f  a m i x t u r e  o f  experiments i n  areas such 
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as l i f e  science, m i c rog rav i t y ,  space plasma, etc., whereas the  l a t e r  Spacelab miss ions p lace  emphasis on a 
s i n g l e  d i s c i p l i n e  and are c a l l e d  Dedicated D i s c i p l i n e  Laboratory  (DDL) missions. Examples o f  DDL miss ions 
are the Attached S h u t t l e  Astronomy Payload (ASTRO 1, 2, & 3 ) ,  the  E a r t h  Observat ion M iss ions  ( E M )  1 and 2 ,  
and the  S h u t t l e  High Energy Ast rophys ics  Laboratory (SHEAL). 

Also i nc luded  i s  the  development o f  a t e s t  bed f a c i l i t y  t o  be used f o r  p ro to typ ing ,  t e s t i n g  and eva lua t i ng  
matur ing technolog ies r e s u l t i n g  from the  Advanced Systems Program. Promising technolog ies f o r  a p p l i c a t i o n  
t o  f u t u r e  support  w i l l  be i n v e s t i g a t e d  i n  the areas o f  remote payload ope ra t i on  and con t ro l ,  expe r t  systems, 
h i g h  speed data processing,  h i g h  l e v e l  languages, and advanced data base management systems. 

CHANGES FROM FY 1986 BUDGET ESTIMATE 

The increase o f  $.9 m i l l i o n  i s  due t o  r ev i sed  data processing requirements i n c l u d i n g  s tud ies  and analyses 
o f  support  f o r  upcoming missions. 

BASIS OF FY 19217 ESTIMATE 

The FY 1987 budget request w i l l  p rov i de  funding f o r  con t i nu ing  the phased replacement o f  t he  e x i s t i n g  
computation systems a t  the Goddard Space F l i g h t  Center which p rov ide  rea l- t ime  support  t o  NASA spacecraf t .  
Inc luded  i n  the support  a re  such c r i t i c a l  a c t i v i t i e s  as rea l- t ime a t t i t u d e  and o r b i t  determinat ion,  memory 
management f o r  on-board computers, and f l i g h t  maneuver con t ro l .  

The funding request p rov ides  f o r  con t i nu ing  the phased replacement program f o r  the Command Management 
System (CMS) and the  O r b i t  Computation System (OCS) a t  GSFC. The i n i t i a l  phase f o r  r e p l a c i n g  the  CMS system 
has been completed and t h i s  fund ing p rov ides  f o r  i n i t i a t i n g  the f i n a l  phase o f  the  replacement plan.  Also, 
fund ing i s  inc luded  fo r  r ep lac i ng  custom d i sp lays  and l a r g e  a p p l i c a t i o n  sof tware programs f o r  t he  OCS. I n  
add i t i on ,  the  request prov ides f o r  the improvement/upgrade o f  the F l i g h t  Dynamics F a c i l i t y  (FDF) and f o r  
systems s tud ies  i n  autonomous nav iga t i on  as p a r t  o f  the  t e s t  bed/proto typ ing a c t i v i t y .  

Funds a re  requ i red  i n  FY 1987 t o  cont inue the  implementat ion o f  an i n s t i t u t i o n a l  packet te lemet ry  
process ing system with the  Gamma Ray Observatory (GRO) as i t s  f i r s t  user. This f a c i l i t y  w i l l  capture,  e r r o r  
check, and sh ip  rea l- t ime,  qu ick- look and p roduc t ion  s c i e n t i f i c  data t o  va r ious  users. The system i s  
necessary t o  handle t he  "packet" te lemet ry  and t o  assure suppor t  over the  l o n g  miss ion  l i f e t i m e  o f  GRO and 
o ther  spacecraf t .  The "packet" te lemet ry  concept a l lows  the  s c i e n t i f i c  data o f  an experiment t o  be handled 
with minimum involvement by the  ground system, thus reduc ing ground data process ing t ime as w e l l  as ensur ing  
f a s t e r  d e l i v e r y  o f  data t o  the experimenters. 
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Funds a re  a l so  requ i red  i n  FY 1987 t o  con t inue  the  augmentation o f  the  SLDPF t o  support  miss ions such as 
I n t e r n a t i o n a l  M i c r o g r a v i t y  Laboratory  (IML), ASTRO -2 and -3, EOM-3, SHEAL, Sunlab 1 and the  S h u t t l e  Radar 
Lab (SRL-2). The Dedicated D i s c i p l i n e  Laboratory  (DDL) miss ions w i l l  be f lown more f r equen t l y  than the  
e a r l i e r  Spacelab missions,  and w i l l  r e q u i r e  more concurrent  suppor t  and qu icker  re lease  o f  experiment da ta  
t o  the  s c i e n t i f i c  community. 

The FY 1YS7 budget request  i nc l udes  funds t o  cont inue the upgrade o f  the e x i s t i n g  TELOPS i n  order  t o  
develop a gener ic  t ime d i v i s i o n  mu l t i p l exed  ( T I N )  system of which the  Upper Atmosphere Research S a t e l l i t e  
(LIARS) w i l l  be the f i r s t  user. The hand l ing  o f  UARS data w i l l  serve as a base l i ne  f o r  p r o v i d i n g  such 
support  t o  o ther  users a l l ow ing  f o r  t radeo f fs  between development cos t s  and suppor t  r i s k s  f o r  f u t u r e  
missions. 

There i s  a con t i nu ing  requirement t o  procure and ma in ta in  an adequate supply o f  unique spare p a r t s  t o  
rep lace  fa i lu re- prone and high-maintenance e l e c t r o n i c  modules, t o  p rov ide  t e s t  equipment, and t o  undertake 
minor mod i f i ca t i ons  and hardware f a b r i c a t i o n  assoc ia ted with new equipment i n s t a l l a t i o n  and 
recon f i gu ra t i on .  Funds are a l so  inc luded  i n  the  request  f o r  con t i nu ing  the  eva lua t i on  o f  Space S t a t i o n  
support  requirements and the c a p a b i l i t i e s  needed t o  p rov ide  such support.  

1986 1987 
Budget Current  Budget 1985 

Ac tua l  Est imate Est imate Est imate 
(Thousands o f  Dollars) 

Data process ing operations............ 45,809 41,500 41,500 53,100 

OBJECTIVES AND STATUS 

I n f o rma t i on  rece ived  i n  the form o f  t r a c k i n g  and te lemetry  data from the var ious  spacecra f t  must be 
processed i n t o  a usable form be fo re  t r a n s f e r  t o  c o n t r o l  cen te rs  and experimenters. Th is  t rans fo rmat ion  and 
computation process i s  performed as p a r t  o f  the data processing f u n c t i o n  and app l i es  t o  a wide v a r i e t y  o f  
programs, rang ing from the  sma l l  exp lo re r  s a t e l l i t e s  t o  complex imaging type s a t e l l i t e s  such as Landsat and 
Nimbus. 

I n  a d d i t i o n  t o  the a c t u a l  processing o f  the data, upcoming p r o j e c t s  r e q u i r e  extens ive prelaunch o r b i t  
ana l ys i s  i n c l u d i n g  spacecraf t  p o s i t i o n  and a t t i t u d e  p red i c t i ons .  Analyses are a lso  requ i red  t o  develop 
o p e r a t i o n a l  sequences and procedures t o  be used du r i ng  the a c t u a l  opera t ion  o f  these complex spacecraf t .  
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Telemetry data  i s  t he  pr imary  product  o f  spacecra f t  and i t  i s  through r e d u c t i o n  and a n a l y s i s  o f  t h i s  data  
by t h e  exper imenters t h a t  the  planned o b j e c t i v e s  a re  achieved. Data i s  processed t o  separate t h e  
i n f o r m a t i o n  obta ined from var ious  s c i e n t i f i c  experiments aboard the spacecraf t ,  conso l i da te  i n f o r m a t i o n  f o r  
each experimenter, determine spacecra f t  a t t i t u d e ,  and c o r r e l a t e  these measurements with spacecra f t  p o s i t i o n  
data. Three f a c i l i t i e s ,  the  Image Processing F a c i l i t y  ( IPF) , t h e  Telemetry On-Line Processing System 
(TELOPS) , and t he  Spacelab Data Processing F a c i l i t y  (SLDPF) , have been es tab l i shed  a t  t h e  Goddard Space 
F l i g h t  Center t o  pre-process d i f f e r e n t  types of raw exper imenta l  data. 

The IPF, i n i t i a l l y  es tab l i shed  t o  handle image data  from the  Landsat-1, has supported Landsat-2 and 
Landsat-3 and p resen t l y  i s  process ing r e s i d u a l  data  from these spacecra f t  as w e l l  as c u r r e n t  data  from the  
Nimbus mission. These spacecra f t  are  be ing supported with an a l l - d i g i t a l  system us ing  h i g h  dens i t y  
recorders  and computer compat ib le tapes. Th is  equipment i s  be ing used c u r r e n t l y  t o  process a rch ived  Landsat 
data  now requ i r ed  f o r  c l i m a t i c  and meteoro log ica l  s tud ies.  Th i s  data  was processed i n i t i a l l y  i n t o  f i l m  and 
p i c t u r e  products; however, the  s c i e n t i f i c  community r e q u i r e s  t h e  data  t o  be reprocessed w i t h  the  ou tpu t  i n  
t he  form of d i g i t a l  tapes. The d i g i t a l  data  can be manipulated i n  t he  s c i e n t i s t ' s  computer w i t h  s p e c i f i c  
a l go r i t hms  t o  enhance the  i n t e r p r e t a t i o n  o f  t he  da ta  and r e l a t e d  phenomena. 

The Telemetry On-Line Processing System (TELOPS) handles t h e  non-image data. TELOPS rece ives  s a t e l l i t e  
data  i n  a d i g i t a l  form from the t r a c k i n g  s t a t i o n s  v i a  t he  NASA g l o b a l  communications network l i n e s  and i s  
ab le  t o  e l e c t r o n i c a l l y  s t o r e  l a r g e  volumes o f  te lemet ry  data, thus  e l i m i n a t i n g  most o f  t he  tape and tape 
hand l ing  operat ions.  F a c i l i t y  management, maintenance and operat ions,  and sof tware development suppor t  f o r  
the  image and non-image data process ing f a c i l i t i e s  are a l so  provided. The opera t ion  o f  t he  Spacelab Data 
Processing F a c i l i t y  i s  inc luded  along w i t h  sof tware development and maintenance requ i r ed  f o r  a t t i t u d e  
determinat ion,  f l i g h t  maneuvers, and miss ion s imula t ions.  

BASIS OF FY 1987 ESTIMATE 

FY 1987 budget request  i n c l udes  funds t o  operate the  Image Processing F a c i l i t y  ( IPF),  t he  Hubble Space 
Telescope Data Capture F a c i l i t y  (HSTDCF), and t he  Telemetry On-Line Processing System (TELOPS). Also, funds 
a re  necessary f o r  opera t ion  o f  the  SLDPF which i nc l udes  maintenance o f  unique hardware and sof tware f o r  
Spacelab and Dedicated D i s c i p l i n e  Laboratory  (DDL) missions. 

A p p l i c a t i o n  sof tware development, p ro to t yp i ng ,  and system t e s t i n g  a c t i v i t i e s  are con t i nu i ng  or w i l l  be 
i n i t i a t e d  i n  support  o f  upcoming space science and a p p l i c a t i o n s  miss ions such as Cosmic Background Explorer ,  
Gamma Ray Observatory, S h u t t l e  At tached Payloads, and t he  Upper Atmosphere Research S a t e l l i t e .  For on- o rb i t  
spacecraf t ,  software development and maintenance i s  r e q u i r e d  on a con t i nu i ng  bas i s  i n  order  t o  per form 
a t t i t u d e  c o n t r o l  maneuvers and f o r  data  processing a c t i v i t i e s .  
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